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FOREWORD 


This  research  was  performed  for  the  Directorate  of 
Facilities  Engineering,  Office  of  the  Chief  of  Engineers  (OCE), 
under  Project  4A762731 AT41  , “Design,  Construction,  and  Opera- 
tion and  Maintenance  Technology  for  Military  Facilities"; 

Task  06,  "Energy  Systems";  Work  Unit  016,  "Coal  Utilization." 

The  OCE  Technical  Monitor  Is  Mr.  L.  Keller,  DAEN-FEU-M. 

The  principal  Investigation  of  this  volume  was  conducted  by 
Messrs.  V.  Bruce  May,  Craig  L.  Koralek,  Subhash  S.  Patel,  and 
Dr.  C.  Leon  Parker  of  Hittman  Associates,  Inc.,  Columbia,  MD, 
under  Contract  No.  DACA  88-76-C-0007  for  CERL. 

Mr.  Paul  Deminco,  Chief  of  Energy  and  Environment  at  Fort 
George  G.  Meade,  Maryland,  assisted  by  providing  data  character- 
izing fuel  consumption  at  that  Installation.  Numerous  private 
firms  Including  Amerl can-LurgI  , Babcock  and  Wilcox,  Koppers- 
Totzek,  and  Combustion  Engineering  contributed  technical  and 
cost  Information  for  their  equipment. 

Mr.  R.  G.  Donaghy  Is  Chief,  CERL  Energy  and  Habitability 
Division,  COL  J.  E.  Hays  Is  Commander  and  Director  of  CERL,  and 
Dr.  L.  R.  Shaffer  Is  Technical  Director. 


EXECUTIVE  SUMMARY 


This  report  presents  an  overview  of  the  substitution 
of  coal  for  natural  gas  and  oil  as  a fuel  at  Army  Installations, 
and  of  the  existing  and  developmental  technologies  which  can 
be  used  to  accomplish  this  transition.  At  present. coal  Is 
of  minor  Importance  to  the  Army  as  a fuel,  but  due  to  declining 
supply  and  Increasing  prices  associated  with  natural  gas  and 
oil.  It  has  become  the  only  available  replacement  for  them. 

Several  coal-based  technologies  have  been  rejected  as 
Inappropriate  to  existing  needs.  Coal  liquefaction  Is  one 
such  technology,  rejected  because  of  process  complexity, 
economics,  and  unfavorable  scale-down  parameters.  Coal/oll 
slurries  as  a substitute  or  supplement  to  oil  have  been 
rejected  because  the  reduction  In  oil  consumption  does  not 
Justify  the  needed  additional  equipment  and  operating  changes. 
Technologies  under  development  for  the  primary  purpose  of 
electrical  power  generation  have  not  been  considered  because 
the  objectives  of  this  developmental  area  are  not  consistent 
with  Army  needs. 

The  areas  showing  most  promise  are  direct  combustion  and 
coal  gasification  technologies.  Conventional  direct  combustion, 
stokers  crtij  pulverized  coal  fired  units,  and  the  developmental 
fluldlzud-bed  combustion  system  both  appear  highly  suitable 
to  Army  1 tistal  latlons . Low-Btu  and  near  commercial  hIgh-Btu 
gasification,  both  based  on  Lurgi  technol ogy,  are  near-term 
(3-5  years)  candidates  for  synthetic  fuel  gas.  Developing 
hIgh-Btu  technology  Is  more  difficult  to  predict,  but  CO2 
Acceptor  and  HYGAS  may  be  applicable  If  cost  and  technical 
complexity  can  be  controlled.  Other  hIgh-Btu  processes  may 
appear  more  favorable  with  further  development. 

Recommendations  have  been  made  based  upon  the  characteris- 
tics of  the  processes  and  of  the  patterns  of  fuel  use  Identi- 
fied In  this  report.  In  summary,  these  recommendations  are  to 
emphasize  replacement  of  oil- and  gas-fired  equipment  with  coal 
as  equipment  service  life  ends,  and  to  actively  monitor  the 
progress  in  the  state  of  the  art  of  fluldized-bed  combustion 
systems  and  in  developing  commercial  gasification  systems. 
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1 INTRODUCTION 


Rationale  For  Characterization  of  Installations.  The  United 
States  Army  Is  relying  heavily  on  natural  gas  and  oil  fuels 
at  military  Installations.  Coal  has  declined  In  Importance 
as  a fuel  In  all  but  a few  cases.  Reasons  for  this  decline 
Include  the  convenience  and  cleanliness  of  gas  and  oil  and 
the  economic  advantages  they  offered.  Price  Increases  have 
reduced  the  economic  advantages,  and,  If  It  occurs,  decontrol 
of  natural  gas  well  head  prices  will  further  reduce  those 
advantages.  Uncertainty  of  the  future  availability  of  both 
natural  gas  and  oil,  due  to  both  possible  deliberate  Interrup- 
tions of  foreign  supplies  and  decreasing  recoverable  reserves 
In  the  United  States,  add  to  the  loss  of  advantages  these 
fuels  possessed. 

Coal  Is  the  only  fossil  fuel  present  In  sufficient 
quantities  to  be  considered  as  a replacement  for  natural  gas 
and  oil.  The  use  of  coal  poses  problems  which  may  limit  Its 
applicability  to  military  Installations.  It  Is  less  con- 
venient to  handle  because  It  Is  solid,  rather  than  fluid. 
Combustion  of  coal  Is  best  effected  In  moderate  to  large 
capacity  furnaces.  Governmental  restrictions  on  discharges 
of  pollutants  exist  and  many  types  of  coal  cannot  meet  these 
restrictions  without  extensive  preparation  or  control  measures. 

There  are  techniques  to  avoid  or  reduce  the  problems 
associated  with  coal  as  a fuel.  These  Include  use  of  coal 
selected  for  minimal  Impurities,  use  of  emissions  controls 
on  coal-fired  units,  new  combustion  technologies,  and  conversion 
of  coal  to  synthetic  fuels.  Not  all  of  these  will  be  applicable 
to  military  Installations,  due  In  part  to  the  nature  of  the 
Installations.  Military  Installations  typically  Include 
heating  units  and  steam  generating  units  ranging  In  size 
from  Individual  dwelling  heating  units  to  Industrial  boilers. 
There  are  two  distinct  types  of  Installations,  those  primarily 
oriented  toward  personnel  and  those  oriented  toward  Industrial 
operations.  Personnel- oriented  facilities  are  defined  as 
Forces  Command  posts.  Training  and  Doctrine  Command  posts, 
and  specialty  and  miscellaneous  Installations.  Industrial 
facilities  are  defined  as  Materiel  Development  and  Readiness 
Command  facilities,  whether  government-owned  and  contractor- 
operated  or  operated  by  the  Army  Industrial  Fund.  Differences 
In  patterns  of  fuel  use  between  these  two  types  occur.  The 
personnel  posts  generally  provide  Individual  dwelling  units 
for  large  numbers  of  families.  Industrially  oriented  Installa- 
tions have  few  Individual  dwelling  units,  but  have  a greater 
number  of  large-sized  high-pressure  steam  boilers. 
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Natural  gas  and  oil  are  used  In  different  proportions  between 
these  two  types  of  Installations.  Coal  has  only  minor 
Importance  In  both  types,  with  the  exception  of  a few  Industrial 
Instal latlons. 

In  this  study  the  forty  largest  Army  Installations,  In 
terms  of  fuel  consumption,  have  been  used  to  characterize 
the  fuel  use  at  personnel  and  Industrial  bases.  The  ten 
largest  Installations  In  each  of  the  two  major  personnel 
oriented  and  Industrially  oriented  bases  were  selected.  Basic 
data  was  obtained  from  the  “Red  Book"!.  Corroborative  Informa- 
tion was  obtained  through  direct  post  communications  with 
Fort  George  G.  Meade,  Maryland,  and  Fort  Knox,  Kentucky.  It 
must  be  emphasized  that  the  "typical"  Army  Installations 
described  In  the  following  sections  are  typical  In  the  sense 
that  they  provide  a model  of  the  two  types  of  posts,  but  do 
not  match  exactly  any  Individual  post. 


Summary  of  Military  Fuel  Use.  For  the  40  largest  military  1n- 
stallatlons  the  total  annual  energy  use  ranges  from  0.344x1012 
Btu/year  to  5.063x1012  Btu/year.2  The  total  energy  use  Is 
summarized  In  Tables  1 and  2 for  the  40  largest  Army 
facilities.  Included  In  this  list  are  the  ten  largest  bases 
dedicated  to  both  personnel  and  Industrial  functions. 

Over  85  percent  of  the  total  energy  consumption  (excluding 
electricity)  goes  to  heating.  Of  this,  approximately  32 
percent  Is  consumed  by  centralized  systems,  consisting  of 
units  of  3.5x10^  Btu  per  hour  or  greater,  and  25  percent  Is 
consumed  by  area  heating  plants  having  capacities  In  the 
range  of  0.75  to  3.5xl0o  Btu  per  hour.  Total  annual  consump- 
tion by  units  of  capacity  greater  than  3.5  M Btu/hr,  the 
breakdown  by  fuel  type  (natural  gas,  oil,  and  coal),  and  the 
percent  of  total  military  post's  fuel  consumed  In  these 
units  Is  summarized  for  the  40  largest  posts  In  Table  1. 

Coal  Is  a relatively  minor  fuel  at  personnel  posts.  It 
represents  a greater  fraction  of  the  total  fuel  used  at 
other  Installations.  The  values  reported  In  Table  1 were 
'lenerated  from  data  obtained  from  the  "Red  Book,"  on  total 
energy  consumed  by  each  post.  Thus  the  quantities  of  natural 
gas,  oil,  and  coal  as  shown  are  In  the  same  proportion  for 
each  of  the  personnel  and  the  Industrial  posts.  These 
tables  are  for  the  purpose  of  demonstrating  average  proportions 
of  the  fuels  used  and  do  not  reflect  actual  practice  at  each 
post  listed. 


^Facilities  Engineering  Annual  Summary  of  Operations  Fiscal  Year 
1975  (Department  of  the  Army,  Office  of  the  Chief  of  Engineers). 

^(US  Army  Engineering  Support  Agency,  1974)  H.  D.  Hollis  and 
V.  Nida,  Charaateristias  of  Energy  Usage  on  Military  Installa- 
tions . 
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Department  of  the  Army,  Office  of 
the  Chief  of  Engineers 


TABLE  2.  Total  Natural  Gas  and  Oil  Used  in  Units  >3.5x10°  Btu/hr 


The  distribution  between  natural  gas  and  oil  consumption 
Is  summarized  In  Table  3.  Substitution  of  coal  or  coal-derived 
fuels  for  natural  gas  and  oil  at  all  40  posts  would 
effect  a reduction  of  approximately  32x1012  Btu  annually 
consumed  by  these  fuels.  Of  this  amount.  19x1012  Btu  per 
year  as  natural  gas  and  oil  would  result  from  conversion  to 
coal  at  Industrial  Installations  and  13x10l2  Btu  per  year 
from  conversion  at  personnel  posts.  Table  2 summarizes  the 
natural  gas  and  oil  consumption  by  post.  If  direct  combustion 
of  coal  were  to  replace  natural  gas  and  oil-fired  equipment, 
the  overall  efficiency  would  not  vary  greatly  from  existing 
systems,  and  the  total  thermal  Input  would  be  roughly  equal 
to  the  current  values.  Conversion  of  coal  to  gas  or  liquid 
fuels,  however.  Is  subject  to  significant  energy  losses  due 
to  process  Inefficiencies.  Coal  conversion  processes  range 
In  efficiency  from  under  50  percent  to  an  optimistic 
estimated  high  of  80  percent.  This  Inefficiency  will 
result  In  an  Increase  in  the  quantity  of  coal  needed  (as 
measured  by  heating  value)  over  the  equivalent  natural  gas 
and  oil  when  synthetic  fuels  are  produced. 


TABLE  3.  Natural  Gas 

and  Oil 

Q 

Consumed.  10 

Btu/yr 

Natural 

Gas  Oil 

Total 

Personnel 

Forces  Command 

5333 

1933 

7266 

Training  & Doctrine  Command 

4100 

1545 

5645 

Subtotal  Personnel 

19433 

3478 

12911 

Industrial 

Materiel  Development  and 
Readiness  Command 

1803 

4007 

5810 

Army  Industrial  Fund 

4113 

9140 

13253 

Subtotal  Industrial 

5916 

13147 

19063 

Total 

15349 

16625 

31974 

On  the  basis  of  total  fuel  consumption  reported,  large, ^ 
military  Installations  have  been  defined  as  consuming  5x10 
Btu  annually  and  medium-sized  Installations  have  been  defined 
as  consuming  5x10''  Btu  annually.  While  this  defines  the 
total  energy  consumption,  It  does  not  define  maximum  or 
minimum  rates.  For  this  purpose  It  has  been  assumed  that 
three  peak  months  will  each  require  one-eighth  (or  a total 
of  three-eighths)  of  the  annual  consumption.  Six  months 
will  require  one-half  the  annual  fuel  and  the  remaining  fuel 
will  be  equally  divided  among  the  remaining  3 months. 

Table  4 shows  the  resulting  breakdown  by  monthly  and  dally 
use . 


Characterization  of  Army  Installations.  The  numbers  and  sizes 
of  units  to  be  converted  from  natural  gas  and  oil  to  coal 
are  a prime  consideration  In  planning  and  Implementing  such 
conversion.  Factors  affecting  this  distribution  of  size  and 
type  Include  the  kind  of  Army  facility  and  the  size  In  terms 
of  fuel  consumption.  Personnel  posts  show  a numerical 
predominance  of  smal 1 heating  units,  for  dwellings,  with  the 
energy  consumed  In  these  units  being  a major  fraction  of 
total  post  consumption.  Industrial  Installations  use  most 
of  the  fuel  In  large  high-pressure  boilers,  consuming  only  a 
few  percent  of  the  total  In  Individual  building  units. 

Table  5 has  been  synthesized  from  available  data  to 
define  "typical"  medium  and  large  Installations  of  the  two 
types  first  discussed.  The  large  and  medium  personnel  posts 
listed  In  Table  5 have  several  thousand  units  of  capacity 
less  than  0.75  xlO®  Btu/hr.  (In  fact,  nominal  rated  capacities 
have  been  assumed  to  be  100,000  Btu/hr).  Corresponding 
units  at  Industrial  facilities  number  100  or  less.  Cen- 
tralized boilers  of  capacity  0.75x10^  to  3.5x10^  Btu/hr  show 
the  same  distribution  pattern.  For  boilers  with  capacities 
greater  than  3.5x106  Btu/hr.  the  personnel  posts  also  have  a 
larger  number  of  units,  but  the  rated  capacities  are  con- 
siderably smaller  than  those  at  Industrial  facilities, 
generally  by  factors  of  5 to  25. 


TABLE  4.  Daily  and  Monthly  Energy  Use  of  a Large-and  Medium-Sized  Army  Post 
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2 COAL  COMBUSTION  TECHNOLOGIES 


1 ntroduct 1 on . Coal  Is  a complex  and  highly  variable  fuel. 

It  is  the  nation's  most  plentiful  developed  energy  source. 

Many  problems  are  encountered  In  the  direct  combustion  of 
coal,  however,  because  of  the  variability  of  Its  constituents 
and  properties.  Impurities  such  as  ash  and  sulfur  add 
pollution  and  waste  handling  to  the  problems  encountered 
In  using  coal  as  a fuel . 

Direct  combustion  of  coal  as  a primary  energy  source  Is 
one  of  several  ways  to  use  coal  In  place  of  natural  gas  and 
oil.  A number  of  possible  combustion  systems  may  be  considered, 
both  existing  and  developmental  technologies.  Various 
combustion  technologies  such  as  conventional  coal-burning 
furnaces,  f 1 u 1 d1 ied-bed  combustion  systems,  and  coal/oll  slurry 
fired  boilers  are  among  potentially  viable  alternatives. 

Support  'vstems,  such  as  mechanical  and  chemical  coal  cleaning 
which  can  reduce  air  emission  levels,  also  may  be  applicable. 

Direct  combustion  and  conversion  processes  require 
coals  with  specific  physical  and  chemical  properties,  such 
as  moisture  content  and  particle  size.  Coal  preparation 
can  reduce  ash,  moisture,  and  pyritic  sulfur,  and  limit 
potential  solid  waste  and  sulfur  dioxide  emissions. 

Methods  of  chemical  removal  of  pyritic  and  organic 
sulfur  from  coal  are  In  the  developmental  stage,  but  no 
practical  method  exists  at  this  time  because  of  both  tech- 
nological and  economical  reasons.  After  preparation,  the 
coal  may  be  delivered  to  the  user  by  train,  truck,  barge,  or 
a new  technology,  slurry  pipeline.  The  coal  Is  unloaded  and 
stored  for  use  In  open  piles  or  closed  storage  facilities 
such  as  bins  or  concrete  silos.  Additional  pre-use  prepara- 
tion to  size  or  dry  may  be  necessary.- 


Direct  Combustion  of  Coal.  Each  direct  combustion  system 
must  be  designed  specifically  for  the  coal  that  will  be 
utilized.  Reduced  capacity  and  efficiency  will  result  If 
the  system  and  coal  properties  are  not  matched.  Properties 
of  coal  which  must  be  considered  In  system  selection  and 
design  Include  heating  value,  moisture,  ash,  and  sulfur 
content,  gri ndabi 1 1 ty , and  ash  characteristics  such  as 
fusion  temperature. 
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Several  direct  combustion  systems  are  discussed  below. 
Conventional  systems  such  as  stokers  and  pulverized  coal 
units  are  only  briefly  mentioned,  since  these  combustion  methods 
are  well  documented.  Other  newer  processes  such  as  fluidlzed- 
bed  combustion  and  coal/oll  slurries  are  covered  In  greater 
deta  i 1 . 


Cofiventional  Combuotion  Syetemo.  Stokers  were  an  early 
development  In  steam  boiler  technology.  These  units  provide 
continuous  feeding,  ash  removal,  and  higher  combustion  rates 
than  hand-fired  boilers.  Because  they  require  minimal  space, 
stokers  are  used  today  with  many  small  and  medium-sized 
bol 1 ers . 

Pulverized  coal-fired  units  currently  offer  the  maximum 
flexibility  In  coal  substitution.  In  addition  to  the  boiler 
Itself,  coal  pulverizers  are  necessary  to  grind  and  prepare 
the  coal.  Pulverized  coal-fired  units  are  sometimes  more 
economical  than  stokers  for  plants  larger  than  200,000  lb  of 
steam  per  hour.  Both  stokers  and  pulverized  coal-fired 
boilers  are  widely  used.  Much  Information  Is  available  on 
these  systems  and  there  are  numerous  supply  and  construction 
sources. 


Fluidised- Bed  Combustion  (FBC).  The  fluidized- bed  com- 
bustion concept  currently  being  developed  In  the  United 
States  and  Britain  promises  to  provide  higher  energy  conversion 
efficiency  than  conventional  coal-fired  systems  (up  to  40%  as 
opposed  to  33  to  37%).  Lower  sulfur  dioxide  and  nitrogen 
oxide  emissions,  even  when  burning  high-sulfur  coals,  also 
are  expected.  FBC  equipment  can  burn  many  types  and  grades 
of  coal  as  well  as  municipal  sludge  and  refuse,  oil  shale. 
Industrial  and  agricultural  waste  materials,  and  other  low- 
grade  fuels.  In  bench-scale  tests, FBC  has  removed  over 
90  percent  of  the  sulfur  dioxide  pollutants  normally 
expected  from  coal.  This  may  eliminate  the  need  for  expensive 
and  massive  sulfur  dioxide  stack  gas  cleaning  or  coal  desul- 
furization. Other  advantages  of  FBC  Include; 

• Low-quality  high-sulfur  coal  can  be  burned  without 
danger  of  slagging,  due  to  low  combustion  temperatures. 

• The  heat  release  and  heat  transfer  coefficients 
are  high,  reducing  required  boiler  size,  weight, 
and  cost. 

• The  multicell  design  lends  Itself  to  mass  production 
assembly  of  the  major  components,  facilitating 
shipping  and  saving  plant  construction  time.  On- 
site fabrication  of  components  can  be  eliminated. 
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• It  Is  anticipated  that  use  of  the  f luldized-bed 
boiler,  rather  than  a conventional  coal-fired 
boiler  requiring  a flue  gas  cleanup  system,  will 
result  In  an  overall  cost  savings  for  the  boiler 
of  up  to  35  percent^. 

a The  overall  operating  efficiency  of  the  niulticell 
fluldized-bed  boiler  power  plant  Is  projected  to 
be  39  percent  compared  to  approxima cely  37  percent 
for  a conventional  coal-fired  plant  with  stack  gas 
cleanup  equipment^. 


In  a fluldized-bed  bol  1 er ( Figure  1 ) , small  particles  of 
a limestone  or  dolomite  sorbent  are  fluidized  by  hot  air. 

This  fluidized  bed  Is  heated  to  approximately  IGOO^F. 

Finely  crushed  coal  Is  fed  Into  the  fluidized  bed.  The  feed 
rate  Is  such  that  the  amount  of  combustible  material  In  the 
bed  Is  usually  less  than  1 percent.  Turndown  1s  accomplished 
by  reducing  air  and  coal  flow  Into  the  bed.  The  sulfur  In 
the  coal  which  comes  off  as  a sulfur  dioxide  Is  captured  by 
the  sorbent  as  calcium  sulfate.  Powdered  dolomite  or  limestone 
sorbent  Is  continuously  removed.  The  low  combustion  temperature 
minimizes  formation  of  nitrogen  oxides  and  prevents  ash 
agglomeration.  Calcium  sulfate  Is  discharged  with  the  ash. 

A multicell  fluidized  bed  boiler  Is  being  developed  and 
Installed  at  Rivesville,  West  Virginia,  by  Pope  Evans  and 
Robbins,  Inc.,  In  conjunction  with  Foster  Wheeler  Energy 
Corp.  and  Champion  Construction  and  Engineering,  Inc.  This 
project,  sponsored  by  ERDA,  Is  designed  to  develop  a 30-MW 
multicell  fluldized-bed  boiler.  The  multicell  bed  operates 
at  atmospheric  pressure.  The  fluldized-bed  boiler  (Figure 
1)  consists  of  four  separate  cells,  three  of  which  are 
approximately  equal  In  size.  These  three  cells  burn  fresh 
coal  In  18  percent  excess  air  at  a temperature  of  ISOO^F. 
Unburned  carbon,  approximately  10-15  percent  of  the  heating 
value  of  the  feed  coal,  along  with  fly  ash  Is  collected  In 
cyclones  and  sent  to  the  narrower  fourth  cell,  the  carbon 
burn  up  cell  (CBC),  where  the  remaining  carbon  Is  burned  at 
2000'’F  In  25  percent  excess  air.  At  this  temperature  most 
of  the  ash  sinters,  producing  round  pellets  that  can  be  used 
as  fill  or  aggregate  material.  Plume  opacity  and  particulate 
emissions  can  be  controlled  by  an  electrostatic  precipitator. 
Quantities  of  solid  waste  can  be  greatly  reduced  If  the 
sorbent  Is  regenerated.  Several  processes  to  reclaim  the 
s'orbent  are  under  study. 


^Power  and  Combustion,  Quarterly  Report  (Office  of  Fossil 
Energy,  ERDA,  October-December  1975),  p 8. 
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Figure  1.  Fluidized-Bed  Boiler 


Pressurized  f luldized-bed  systems  are  In  an  earlier 
stage  of  development.  These  systems  would  provide  additional 
economic  savings  and  increased  thermal  efficiency.  The 
furnace  size  can  be  reduced  because  of  decreased  gas  volume 
and  additional  sulfur  dioxide  can  be  removed.  However,  the 
units  appear  more  appropriate  for  large  Installations  such 
as  200  MW  or  greater  power  plants. 


Emission  Controls.  Regulations  limiting  atmospheric  discharges 
from  foss1l-fue1-f1red  equipment  have  been  proposed  and 
adopted  by  most  states  and  the  United  States  Environmental 
Protection  Agency.  In  general  the  most  Important  materials 
considered  have  been  sulfur  dioxide,  particulates,  and 
nitrogen  oxides. 

The  current  EPA  limitations  on  sulfur  dioxide  apply 
only  to  equipment  burning  fuel  at  a rate  of  250,000,000  Btu 
per  hour  or  more.  Equipment  at  Army  facilities  Is  rated 
below  this  rate;  however,  centralized  systems  may  exceed  It. 

For  coal-fired  units  the  limit  on  S02  Is  1.2  Ib/mllllon 
Btu.  Particulates  are  limited,  regardless  of  unit  size,  to 
0.1  Ib/mllllon  Btu.  The  standard  for  NO  Is  0.7  Ib/mllHon 
Btu. 


Sulfur  Dioxide  Controle.  The  Clean  Air  Act  charges  the 
United  States  Environmental  Protection  Agency  with  the 
responsibility  for  establishing  national  performance  standards 
for  new  stationary  sources  based  upon  the  best  system  of  air 
emission  reduction  that  has  been  adequately  demonstrated. 

All  new  coal-fired  steam  plants  rated  at  250,000,000  Btu/hr 
or  greater  are  required  to  limit  emissions  of  SO2  to  1.2 
Ib/mllllon  Btu.  Each  state  Is  required  by  law  to  Implement 
emission  control  regulations  that  will  achieve  and  maintain 
national  ambient  air  quality  standards.  Most  states  have 
found  It  necessary  to  establish  sulfur  dioxide  limitations 
approximately  equivalent  to  those  of  EPA.  A few  states  have 
more  lenient  standards  and  some  states,  such  as  New  Jersey, 
have  Imposed  more  stringent  emission  standards.  As  a result, 
most  states  restrict  coal  combustion  to  fuels  with  minimal 
sulfur  content.  Sulfur  content  Is  limited  to  anywhere  from 
0.2  percent  to  2 percent. 
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Conventional  furnaces,  such  as  stokers  and  pulverized 
coal  furnaces,  use  two  primary  methods  for  reducing  sulfur 
dioxide  emissions.  Limestone  Injection  Into  the  furnace, 
followed  by  wet  scrubbing  of  the  flue  gas.  Is  one.  The 
more  popular  method  Is  wet  limestone  scrubbing. 

In  the  limestone  Injection  system,  ground  limestone  Is 
mixed  with  the  coal  and  Injected  Into  the  combustion  zone. 

Part  of  the  sulfur  Is  absorbed  by  the  calcium  In  the  limestone. 
It  Is  estimated  that  40-50  percent  of  the  sulfur  Is 
removed.  The  remainder  must  be  eliminated  from  the  flue  gas 
as  SO2  by  wet  scrubbing.  Reduced  boiler  efficiency,  due  to 
ash  accumulation  on  the  boiler  heat  transfer  surfaces.  Is  a 
major  problem  with  this  system. 

The  second  control  method,  wet  limestone  scrubbing, 
uses  a ground  1 Imestone/water  slurry  that  Is  contacted  with 
the  flue  gas,  removing  90-95  percent  of  the  SO2.  The  spent 
limestone  Is  removed  as  a sludge  and  the  water  is  recycled. 

In  regenerable  processes  the  alkali  Is  reclaimed  and  used 
again  In  the  system.  Sulfur  Is  recovered  as  elemental 
sulfur  or  sulfuric  acid. 


Partioulate  Controle.  The  EPA  Standard  for  atmospheric 
emission  of  particulate  matter  from  fossil  fueled  power 
plants  was  established  at  a maximum  of  0.1  Ib/mllllon  Btu  of 
heat  Input  per  hour.  Individual  state  regulations  for 
smaller  plants  (less  than  10  million  Btu/hr)  permit  on  the 
average  0.6  ib/mllllon  Btu  Input.  Particulate  control 
equipment  consists  basically  of  one  of  four  general  categories: 

(1)  dry  mechanical  collectors 

(2)  wet  scrubbers 

(3)  fabric  filters 

(4)  electrostatic  precipitators 


NO  Emieaiona.  Although  there  currently  are  no  restrictions 
on  emission  of  oxides  of  nitrogens  for  boilers  under  250,000,000 
Btu/hr,  It  has  been  suggested  that  these  oxides  constitute  a 
serious  pollution  problem.  It  Is  anticipated  that  regulations 
will  be  established  In  the  near  future.  Nitric  oxide  levels 
can  be  minimized  by  keeping  the  combustion  temperature  as 
low  as  possible.  The  NOx  concentration  Is  sensitive  to  the 
amount  of  excess  air  present  during  combustion. 
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3 COAL  CONVERSION  TECHNOLOGIES 


Introduction.  Appendix  A discusses  various  coal  conversion 
technologies  under  development  or  commercially  available. 
Fuels  produced  by  these  processes  Include  low-,  medium-,  and 
hIgh-Btu  gas,  liquid  fuels,  and  clean  burning  coal  or  char. 
All  of  these  processes  convert  coal,  an  Inherently  dirty 
fuel.  Into  a relatively  clean  fuel  which  can  be  used  as  a 
substitute  for  depleted  oil  and  natural  gas  supplies. 


Gasi ficatlon.  During  gasification  coal  Is  reacted  with 
steam  and  oxygen.  Particulates  and  condensibles  carried 
with  the  gas  from  the  reactor  are  removed  by  quenching. 

Sulfur  compounds  are  removed  later  In  the  process.  The 
crude  gas  consists  basically  of  H2.  CO,  C02i  CH4,  H2O,  and 
N2  and  has  a heating  value  of  100  to  500  Btu/SCF.  The 
heating  value  of  natural  gas  Is  approximately  1000  Btu/SCF. 
The  crude  low-  to  medlum-Btu  gas  can  be  converted  to  hlgh- 
Btu  gas  ( ^950  Btu/SCF).  Commercial  low-  and  medlum-Btu 
gasification  plants  exist  In  most  parts  of  the  world  but 
none  are  Operating  In  the  United  States.  In  this  country 
low-Btu  gas  use  was  phased  out  with  the  advent  of  trans- 
continental natural  gas  pipelines.  Most  developmental  low- 
Btu  effort  In  the  United  States  Is  currently  aimed  at 
producing  a fuel  gas  for  high-temperature  combined  gas-steam 
turbine  electric  generators,  making  fuel  gas  for  captive 
industrial  use,  and  production  of  synthesis  gas  for  chemical 
processing.  Current  available  commercial  processes  for  low- 
and  medlum-Btu  gas  production  Include  Lurgi,  Winkler  and 
Koppers-Totzek  as  the  major  systems.  Low-  and  medlum-Btu 
processes  are  described  In  Appendix  C. 

HIgh-Btu  gasification  processes  require  additional 
steps  to  be  added  to  the  low-Btu  gasification  processes. 

The  final  product  Is  composed  mainly  of  methane  and  can  be 
transported  In  existing  natural  gas  pipelines.  No  modifi- 
cations to  existing  combustion  equipment  are  necessary  In 
using  synthetic  high-Btu  gas. 

To  produce  high-Btu  gas,  the  coal  Is  reacted  with  steam 
and  oxygen.  The  particulates,  condensabl es,  and  sulfur 
compounds  are  eliminated.  Carbon  dioxide  is  removed  and  the 
hydrogen  to  carbon  monoxide  ratio  Is  adjusted  to  three  to 
one.  The  CO  and  H2  are  then  catalytl ca 1 ly  converted  to 
methane. 
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The  Lurgi  h1gh-Btu  process  Is  the  most  promising  com 
merclally  available  system.  CO2  Acceptor,  Synthane,  and 
HYGAS  are  the  developmental  processes  that  are  probably 
closest  to  commercialization.  Descriptions  of  these  and 
other  hIgh-Btu  processes  are  presented  In  Appendix  D. 


Liquefaction.  Coal  liquefaction  processes  for  converting 
coal  Into  liquid  fuels  for  use  as  a utility  fuel,  synthetic 
crude,  and/or  petroleum  feedstock,  are  being  developed.  By 
Increasing  the  weight  ratio  of  hydrogen  to  carbon,  through 
(1)  pyrolysis  and  hydrocarbonization  or  (2)  catalytic  or  non- 
catalytlc  hydrogeneration,  the  coal  can  be  converted  Into  a 
liquid  fuel. 

(1)  Pyrolysis  and  Hydrocarbonization.  During  pyrolysis 
coal  Is  heated  In  the  absence  of  direct  hydrogen 
contact.  The  volatile  materials  and  naturally 
occurring  oils  are  driven  off.  The  product  oil  Is 
hydrotreated  to  remove  Impurities  such  as  nitrogen, 
sulfur,  and  oxygen.  Hydrocarbonization  on  the 
other  hand,  reacts  heated  hydrogen-rich  gas  with 
the  coal,  driving  off  the  volatile  gases.  The 
char  Is  reacted  with  steam  and  air  (or  oxygen)  to 
produce  the  required  hydrogen. 

(2)  Catalytic  and  Non-Catalytl c Hydrogenation.  Hydro- 
genation of  coal  Is  another  method  of  liquefaction. 
Coal  Is  directly  contacted  with  hydrogen  at  elevated 
temperature  and  pressure.  Catalytic  hydrogenation 
has  a higher  liquid  product  yield  than  non-catalytl c 
hydrogenation.  At  ambient  temperatures  the  product 
may  be  either  solid  or  liquid. 


Solvent  Refined  Coal,  a hydrogenation  process.  Is  the 
most  advanced  United  States  liquefaction  technology.  H-Coal 
and  the  donor  solvent  process  also  show  great  promise.  A 
number  of  liquefaction  technologies  are  described  In 
Appendices  E and  F. 
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4 SELECTION  OF  COAL  TECHNOLOGIES 


Rationale.  Many  factors  will  Influence  the  ultimate  means 
by  which  military  Installations  reduce  their  dependence  upon 
natural  gas  and  oil.  Within  the  range  of  technologies  pre- 
sented In  this  report,  only  a few  are  suitable  for  considera- 
tion. No  attempt  Is  being  made  to  Identify  the  optimum 
process  because  such  optimization  would  require,  among  other 
things,  a s 1 te- sped f 1c  approach. 

The  over.iew  approach  taken  during  this  study  does  allow 
specific  technologies  to  be  excluded  from  further  consideration. 
This  can  be  done  on  the  basis  of  economics,  mismatch  of 
capacity  vs.  required  quantities  of  fuel,  process  complexity, 
and  other  factors.  A large  number  of  technologies,  particularly 
those  under  development,  can  be  eliminated  In  this  way, 
allowing  the  problem  to  be  defined  In  less  vague  terms. 

More  detailed  discussion  of  the  rationale  and  criteria 
used  to  select  technologies  appears  In  Appendix  B. 


Direct  Combustion  Technologies.  Direct  combustion  of  coal 
Is  the  single  most  established  technology  area  identified 
during  this  study.  Both  stokers  and  pulverized  coal  systems 
are  widely  used  for  commercial,  Industrial,  and  power 
generation  purposes.  There  Is  no  question  that  one  or  more 
direct  combustion  systems  can  be  tailored  to  Army  Installation 
applications. 

Two  routes  to  conversion  to  coal  by  existing  direct  com- 
bustion technology  have  been  Identified.  These  are:  (1)  re- 
placement of  natural  oas  and  oil-fired  units  by  new  coal- 
burning  units;  and  (2)  conversion  of  existing  natural  gas  and 
oil-fired  units  to  coal-fired  systems.  Each  has  advantages 
and  disadvanages. 

Only  one  developmental  direct  combustion  technology  has 
been  Identified  as  applicable  to  Army  needs.  This  Is  the 
atmospheric  fl u1 d1 zed-bed  boiler.  (The  MIUS^  system, 
based  on  f 1 uidi zed-bed  combustion  not  only  of  coal,  but  also 
of  municipal  wastes.  Is  not  considered  applicable  to  existing 
installations).  Development  of  the  fl uidi zed-bed  combustion 
boiler  is  being  sponsored  by  the  Energy  Research  and  Development 
Administration;  demonstration  units  exist. 


^Power  and  Combuation,  Quarterly  Report  (Office  of  Fossil 
Energy,  ERDA,  October-December  1975),  p 8. 
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Further  discussion  of  factors  affecting  military  applica- 
tions for  direct  combustion  of  coal  appears  In  Appendix  B. 


Coal  Gasification  Technologies.  Only  low-  and  medlum-Btu 
gas  can  be  produced  by  existing  gasification  technologies. 
High-Btu  processes  are  under  development  and  commercial 
facilities  are  In  the  planning  stages.  One  operational 
gasification  system  exists  at  Holston  Army  Ammunition  plant 
but  no  Information  could  be  obtained  on  this. 

The  Lurgi  and  the  Koppers-Totzek  systems  are  the  two 
which  are  most  applicable  to  Army  Installations  In  the  low- 
to  medlum-Btu  category.  Lurgi  has  distinct  advantages  over 
Koppers-Totzek.  None  of  the  developmental  processes  appear 
to  offer  any  advantages  over  these  two  systems. 

All  hIgh-Btu  systems  are  developmental.  Plans  for  near 
term  commercial  hIgh-Btu  gas  production  are  based  upon 
oxygen-fired  Lurgi  technology.  This  was  found  to  be  the 
only  near-term  process  suitable  for  application;  however, 
economics  still  may  make  It  unacceptable.  Developing 
technologies  selected  were  the  CO2  Acceptor  and  HYGAS 
processes,  but  the  status  could  change  as  a result  of  work 
on  other  processes.  Further  discussion  appears  In  Appendix 
B. 


Coal  Liquefaction  Technologies.  Coal  liquefaction  technologies 
have  been  rejected  from  consideration  because  of  the  complexity 
of  the  systems  and  because,  In  the  size  range  applicable  to 
Army  Installations,  the  economics  would  be  prohibitive. 

This  does  not  Imply  that  future  developments  will  not  occur 
to  change  this.  One  potential  application  of  liquefaction 
would  be  Implementation  as  a regional  facility  supplying 
numerous  bases,  but  that  Is  not  within  the  scope  of  work  of 
this  study. 


5 IMPLEMENTATION  STRATEGIES  AND'  IMPACTS 


Introduction.  The  net  effect  of  a change  to  coal  from 
natura'i  gas  and  oil  will  differ  for  various  types  of  posts 
and  for  different  posts  of  the  same  type.  This  is  due  to 
the  wide  variety  of  systems  currently  in  use  and  to  the 
different  use  patterns  between  types  of  Installations.  Some 
elements  of  the  existing  systems  will  remain  essentially 
unchanged  while  others  may  be  drastically  affected.  Under 
certain  conditions  it  may  be  possible  to  replace  only  specific 
natural  gas  and/or  oil  units  with  coal  or  coal-derived 
fuels . 

Some  items  which  may  be  Impacted  by  changes  to  coal  are 
fuel  storage  and  handling  facilities,  solid  waste  disposal, 
and  gas  distribution  systems.  The  kind  and  extent  of  impact 
will  depend  upon  the  particular  coal  utilization  system 
installed.  Units  such  as  boiler  water  treatment  (demineralization) 
and  centralized  district  heating  systems  may  be  little  affected 
by  conversion  to  coal  as  a primary  fuel.  In  these  cases  the 
type  of  fuel  does  not  affect  the  specifications  for  example,  for 
boiler  feedwater  or  circulating  heat  transfer  medium. 

The  complex  question  of  Impacts  resulting  from  conversion 
to  coal  is  evident  when  individual  family  dwellings  are  con- 
sidered. These  are  invariably  natural  gas-or  oil-fired  units. 

There  is  no  practical  way  to  convert  these  to  coal-fired 
systems.  Conversion  of  the  large  centralized  boilers  will  leave 
them  unaffected.  Conversion  to  low-Btu  gas  generated  from 
coal  will  require  appropriate  burner  conversion  of  the  large 
gas-fired  heating  units  but  probably  will  not  be  advisable  for 
individual  dwellings  units  due  to  safety  considerations.  High- 
Btu  gas  from  coal  will  have  no  effect  on  existing  gas-fired 
units.  Essentially  the  same  changes  for  oil-fired  units  will 
be  needed  for  conversion  to  either  high-  or  low-Btu  gas. 

High-Btu  gas  can  be  used  without  change  in  natural  gas-fired 
dwelling  units. 

One  major  impact  resulting  from  conversion  to  coal  on  a 
large  scale  may  be  the  need  for  emission  controls.  Due  to  the 
sulfur  and  nitrogen  content  of  coal  and  to  atmospheric  discharge 
limitations,  pollution  abatement  may  be  required  for  large  units 
and,  under  extreme  conditions,  for  smaller  units  as  well.  Sulfur 
dioxide  from  conventional  coal  combustion  may  require  stack 
gas  scrubbing  to  reduce  discharge  levels  to  acceptable  values. 
Control  of  furnace  temperature  and  excess  air  may  be  necessary 
for  nitrogen  oxide  reduction.  In  gasification  systems, 
sulfur  and  nitrogen  will  appear  in  the  gas  as  hydrogen 
sulfide,  ammonia,  and  organic  compounds.  Sophisticated 
techniques  are  required  to  remove  these  components  from  the 
fuel  prior  to  distribution. 
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Coal  Handling  and  Storage  Facilities.  All  coal  combustion  and 
conversion  technologies  require  coal  receiving,  handling,  and 
storage  facilities.  Some  coal  preparation,  such  as  crushing, 
also  may  be  necessary.  Regardless  of  the  volume  of  fuel  con- 
sumed, the  coal  must  be  delivered,  transported,  stored  In  open 
piles  or  silos,  and  transferred  to  units  for  preparation,  com- 
bustion, or  conversion.  Physical  space  must  be  available  for 
necessary  equipment  and  storage  areas.  Environmental  Impacts 
Include  Increased  dust,  noise,,  and  runoff.  Capital  expenses, 
temporary  disruptions  of  operation,  and  complexity  of  the 
operation  requiring  operator  retraining,  are  other  factors 
that  must  be  considered. 

Coal  will  be  delivered  either  by  truck,  rail,  or  barge. 
Existing  transportation  lines  can  be  used  but  an  Increase  In 
traffic  will  occur.  In  other  Instances,  new  roads,  railroads, 
or  docks  may  be  needed.  Increases  In  traffic  can  cause  con- 
gestion, noise,  and  air  pollution.  Coal  slurry  pipelines,  at 
present  not  In  widespread  use,  could  alleviate  most  of  these 
problems,  but  capital  costs  are  high,  pipelines  must  be  con- 
structed, and  Impacts  such  as  Increased  water  consumption  will 
be  felt. 

Equipment  must  be  Installed  to  efficiently  unload  the  fuel 
shipments.  Capability  of  unloading  a 3-day  supply  of  coal 
In  an  8-hour  period  typically  Is  recommended.  Positioning 
systems  are  often  used  for  locating  and  unloading  railroad 
cars.  Dump  trucks  are  adequate  for  road  delivery.  Coal  Is 
then  conveyed  from  the  receiving  point  to  storage  areas. 

Coal  Is  often  stored  In  open  piles.  Typically  a 30  to 
90  day  Inventory  of  coal  Is  desired  to  offset  strlkesv  Inclement 
weather,  transportation  problems,  or  unanticipated  fuel 
shortages.  The  pile  must  be  properly  constructed  to  provide 
for  controlled  drainage  and  to  limit  the  danger  of  fire.  Small 
tractors  are  often  used  to  maintain  a proper  coal  pile. 

The  storage  pile  sometimes  Is  sprayed  with  oil  or  polymer 
or  covered  to  limit  weathering  and  dusting.  The  area  should 
be  either  well  paved  or  well  drained  to  minimize  runoff. 

Holding  or  settling  ponds  may  be  needed  to  restrict  water 
pollution.  Protective  enclosed  storage  bins  or  silos  also 
may  be  used.  Increased  capital  costs  and  maintenance  are  the 
major  drawbacks  to  closed  systems. 
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Belts,  bucket  conveyors,  or  other  means  of  conveyance  must 
be  erected  for  transferring  the  coal  into  feed  hoppers  at  the 
furnace  or  Initial  process  operation.  Small  tractors  are 
sometimes  used  to  aid  In  transferring  the  fuel.  Often  coal 
which  Is  ordered  In  a desired  size,  still  must  be  classified 
and  reground.  This  requires  additional  equipment  such  as 
hammermllls,  conveyors, and  screens.  Such  processing  often 
Increases  the  need  for  particulate  and  noise  controls. 

In  an  article  In  Pow'cv  Naga-^ine , February  1974,  a flow- 
chart similar  to  the  one  shown' In  Figure  2 was  Included.  Two 
scenarios  for  coal  transport,  handling,  preparation,  and 
storage,  applicable  to  typical  Army  facilities,  have  been 
abstracted  from  this  reference  and  are  discussed  below. 

In  a simple  system  coal  follows  the  route  In  Figure  2 
Identified  by  A-2-5-6-7-9.  Trucks  dump  the  coal  In  piles 
which  are  transferred  by  bucket  elevator  to  a bunker.  From 
there  It  is  fed  by  chutes  to  stoker  hoppers. 

In  a more  complex  system,  where  coal  Is  stored  outdoors, 
it  Is  unloaded  by  track  hopper  and  then  transferred  by  conveyors 
to  crushers  which  reduce  the  size  of  the  coal.  Screw  conveyors 
send  the  sized  coal  to  storage  piles  where  bulldozers  are 
used  to  maintain  the  pile.  The  coal  Is  conveyed  by  bucket 
elevator  to  hoppers  where  It  Is  then  fed  Into  the  pulverizer 
unit  prior  to  coal  pulverization.  This  flow  Is  B-2-3-5-7-8-9 
in  Figure  2.  These  two  systems  illustrate  the  variability  of 
the  equipment  needed  for  coal  preparation.  Each  potential 
application  must  be  closely  examined  to  determine  the  optimum 
system  from  efficiency,  economic,  environmental,  and  other 
impact  standpoints. 


Direct  Combustion  Systems.  Both  implementation  strategies  and 
impacts  of  conversion  or  replacement  of  gas- or  oil-fired 
boilers  with  coal-fired  units  are  presented.  Conversion  or 
replacement  of  oll-and  gas-fired  boilers  to  coal-fired  systems 
Is  expensive  and  difficult.  Numerous  factors  should  be  con- 
sidered to  determine  the  practicability  of  any  alterations. 

The  first  step  in  conversion  of  a gas-or  oil-fired  facility 
to  coal  Is  to  determine  If  the  unit  can  be  adapted  to  burning 
coal.  Space  Is  required  for  coal  transportation,  unloading,  and 
storage  facilities.  Physical  constraints  In  the  vicinity  of 
the  boiler,  such  as  duct  work,  building  walls,  and  foundations 
may  restrict  alterations  or  additions.  Air  emission  control 
equipment  such  as  precipitators  and  wet  scrubbers  may  be 
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necessary.  If  pulverized  coal  firing  Is  the  selected  technology, 
space  Is  required  for  erectlon'of  pulverization  equipment. 

Ash  disposal  and  storage  facilities  must  be  designed  and 
operated  effectively. 

Conversion  of  an  oll-or  gas-fired  boiler  to  coal  firing 
usually  results  In  a reduction  of  capacity,  or  "derating," 
of  the  boiler  efficiency.  Boilers  are  designed  for  a specific 
fuel  and  purpose.  Any  change  In  the  fuel  will  affect  efficiency. 
Coal  combustion,  In  contrast  to  combustion  of  other  fossil 
fuels,  needs  Increased  boiler  volume  to  control  slagging  and 
fouling  of  heat  transfer  surfaces.  Flue  gas  velocity  through 
tube  banks  and  the  tube  spacing  also  affects  the  degree  of 
derating  and  varies  according  to  the  type  of  fuel  burned. 

Historically,  the  type  of  coal  selected  has  been  mainly 
dependent  upon  the  geographic  location  of  the  steam  plant. 
However,  restrictions  of  sulfur  dioxide  emissions  have  made 
low  sulfur  coals  desirable.  If  higher  sulfur  coals  are  used, 
expensive  SO2  removal  systems  may  become  necessary.  Coal 
selection  Is  typically  based  upon  heating  value,  moisture 
content,  mineral  matter  content,  grindablllty  (for  pulverized 
coal),  ash  fusion  temperature,  and  ash  chemical  characteristics. 
The  heat  content  of  the  coal  determines  the  quantity  of  fuel 
consumed.  Moisture  content  affects  combustion  gas  weight, 
gas  pass  velocity,  efficiency,  and  heat  transfer  rates  as 
well  as  degree  of  low  temperature  corrosion,  of  existing 
units  converted  to  coal  firing. 

The  furnace  section  of  a boiler  is  designed  to  supply 
radiant  heat  and  hot  gases  to  tube  banks  for  convective 
heating.  Pulverized  coal-fired  burners  (as  well  as  oil  and  gas 
burners)  are  usually  located  in  the  front  face  of  the  boiler. 

In  contrast,  coal  fed  to  stokers  is  placed  on  a grate  across 
the  radiant  floor  section.  Bottom  ash  Is  removed  from  the 
floor  or  ash  hopper.  Precipitators  or  cyclones  reduce 
flyash  emissions  through  the  stack  to  desirable  levels. 

Soot  blowers  are  required  in  the  tube  banks  to  prevent 
clogging  of  the  spaces. 

Coal-fired  furnaces  are  larger  than  other  furnaces  of  the 
same  capacity.  The  furnace,  basically  a box  with  a refractory 
or  water  tube-lined  floor,  also  has  tube-lined  walls.  At  the 
entrance  to  the  convection  section,  stack  gas  temperatures 
must  be  at  least  100°F  below  the  ash  softening  temperature. 

The  lower  temperature  requirement  dictates  an  Increase  In 
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radiant  surface  area.  Table  6 Indicates  comparative  furnace 
dimensions  for  gas.  oil,  and  coal.  Furnace  volume  Is  affected 
by  the  properties  of  the  specific  fuel  type  and  ash  properties. 

TABLE  6.  Comparative  Furnace  Dimensions^ 


Relative 

Boiler  Width 

Relative 
Boiler  Length 

Gas 

1.0 

1.0 

Oil 

1.05 

1.2 

Coal 

1.10 

1.5 

* 

A.  W. 

Bell  and  B.  P.  Breen, 

"Converting  Gas  B 

to  Oil  and  Coal,"  Chemical  Engineering  (April  26,  1976). 

Gas-,  oil-,  and  coal-fired  boilers  of  Identical  dimensions 
hourly  produce,  for  example.  60,000  Btu,  48,000  Btu,  and  35,000 
Btu,  respectively;  this  Is  another  way  of  comparing  surface 
area  requirements. 


By  Increasing  the  amount  of  heat  absorbed  In  the  radiant 
section  of  the  furnace,  the  flyash  temperature  can  be  kept 
below  the  softening  temperature.  Coal  particles  require  a 
greater  combustion  time  than  gas.  Therefore,  conversion  of  a 
boiler  from  gas  or  oil  to  coal  would  either  reduce  the  load 
capacity  of  the  boiler,  or  require  additional  combustion 
equipment  to  Increase  the  radiant  heat  output. 

Pulveriaed  Coal  and  Stoker-Fired  Units,  To  determine 
whether  to  replace  or  convert  oil-  or  gas-fired  boilers  with 
pulverized  coal  units,  detailed  study  of  the  boiler  Is  needed. 
Generalizations,  however,  can  usually  be  made.  Coal-fired 
boilers  that  have  been  converted  to  oil  or  gas  often  can  be 
more  easily  reconverted.  Top-supported  boilers  are  usually  more 
adaptable  to  conversion  than  others.  Bottom-supported  boilers, 
around  25  years  old,  are  usually  better  suited  for  conversion 
than  new  boilers,  because  of  more  conservative  design.  However, 
since  the  physical  condition  probably  Is  worse  than  newer  units, 
additional  work  will  be  required  to  operate  the  unit  efficient- 
ly. A rough  estimate  Is  that  approximately  one-third  of  all 
non-coal -fired  boilers  can  be  converted  to  coal. 
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The  purpose  of  the  convective  section  of  the  boiler  Is 
to  collect  heat  from  the  flue  gas.  Gas,  olltand  coal  systems 
require  different  flue  gas  velocities,  fins,  and  tube  spacing. 
Ash  Is  highly  abrasive  and  the  flue  gas  velocity  for  coal-fired 
boilers  should  be  approximately  60  ft/sec  as  opposed  to  gas- 
fired  flue  gas  velocities  of  120  ft/sec  and  oil-fired  velocities 
of  100  ft/sec.  Conversion  of  oil  or  gas  to  coal  requires 
Increased  spacing  between  the  tube  fins.  If  these  modifications 
to  the  convective  section  are  not  performed,  boiler  load 
capacities  may  be  reduced  as  much  as  50  percent. 

Ash  deposits  on  tube  surfaces  reduce  heat  transfer  co- 
efficients, cause  higher  power  requirements  for  fans,  and 
Increase  abrasion  of  tubes.  Soot  blowers  are  used  to  blast 
these  deposits  from  the  tubes.  Either  steam,  air,  or  water 
jets  are  used.  Boilers  must  be  shut  down  for  soot  removal  by 
water  jets.  Although  soot  blowers  are  required  for  both  oil 
and  coal,  some  modification  may  be  necessary  during  conversion. 
Switching  from  gas  to  coal  can  cause  more  serious  problems. 

I nstal 1 at  1 on  of  bl ower  mechanisms  and  required  clearance 
between  tubes  and  soot  blowers  equivalent  to  approximately 
half  the  width  of  the  boiler  on  each  side  are  the  two  major 
complications  In  this  conversion. 

The  purpose  of  the  burner  Is  to  proportion  the  fuel  and 
air  feed,  adjust  to  load  change,  and  stabilize  ignition. 

Gas-,  coaH  and  oil-fired  burners  vary  In  design  characteristics 
and  operation.  Since  the  overall  efficiency  and  reliability 
are  dependent  upon  the  burner,  replacement  Is  mandatory. 

Gas  burners,  which  usually  are  ring-shaped,  are  simple 
to  operate  and  are  virtually  maintenance  free.  On  the  other 
hand,  oil  burners  must  be  purged  after  shut  down  to  prevent 
caking  of  the  tip  and  the  supply  boxes.  Frequent  Inspection 
of  the  flame  quality  Is  necessary  to  Insure  efficient  com- 
bustion. Routinely,  worn  parts  must  be  replaced  and  oil 
guns  cleaned.  Neither  of  these  burners  can  be  used  with 
pul verized-coal  and  stoker  systems. 

Pulverized  coal-fired  boilers  use  finely  ground  coal 
that  Is  combined  proportionately  with  air.  The  burner 
usually  consists  of  a ceramic  quarl , flame-shaping  vanes, 
air  registers,  and  a coal  supply  tube  that  feeds  Into  the 
burner  throat.  Boilers  with  capacities  less  than  200,000 
Ib/hr  of  steam,  do  not  normally  use  pul verl zed-coal  burners. 
Because  the  fuel  supply  lines  from  the  pulverizer  to  the 
burner  can  be  eroded  by  coal  and  Impurities,  annual  repair 
or  replacement  Is  usually  required.  Often  oil  or  gas  auxiliary 
burners  are  required  to  preheat  the  furnace  prior  to  Initial 
coal  Ignition. 
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Smaller  boilers  often  are  stokers  despite  the  disadvantage 
of  Incomplete  combustion  resulting  In  accumulation  of  uiiburned 
carbon  and  ash.  Efficiency  of  the.  boiler  can  be  slightly 
Improved  by  reinjection  Into  the  furnace  of  recovered  carbon 
particles.  An  advantage  of  stoker  firing  is  the  ability  to 
burn  virtually  any  solid  fuel.  The  one  major  exception  is 
caking  coals  sized  to  less  than  1*1/4  inches  in  diameter. 

Fuel  feed  systems  also  must  be  replaced  with  more  com- 
plicated solids  handling  systems.  Additional  mechanical  equip- 
ment Is  necessary  and  the  abrasive  nature  of  the  coal  increases 
maintenance  and  repair  frequency. 

Stokers  burn  coal  within  specified  size  limits,  but  some 
delivered  coal  may  be  outside  specifications.  Large  facilities 
may  install  classifiers  and  crushers  to  eliminate  oversized 
lumps.  This  improves  fuel  economy  and  mi nimi zes  stoker 
" jammi ng. " 

With  pulverized  coal  systems,  a variable  rate  feeder 
delivers  coal  Into  the  pulverizer.  Coal  from  the  pulverizer  Is 
then  pneumatically  conveyed  by  exhaust  or  forced  draft  fans 
to  the  burner.  Air  is  the  transport  medium  from  pulverizer 
to  burner.  Exhaust  fans  require  Increased  maintenance  due  to 
the  abrasive  nature  of  the  coal. 

There  are  four  basic  types  of  pulverizers;  ball  mills. 
Impact  mills,  attrition  mills,  and  rol ler-and-race  mills. 
Roher-and-race  mills  generally  require  replacement  blannually. 
They  are  economically  impractical  for  units  below  3,000  lb 
per  hour.  Ball  mills  are  Inexpensive.  Impact  mills  (hammer 
mills)  and  ball  mills  have  low  capital  cost  per  ton  of  output 
for  small  mills  and  are  quieter  than  others.  Although  high 
maintenance  costs  occur  with  abrasive  coals,  hammers  are 
easily  replaced.  Attrition  mills  have  high  rates  of  repair 
due  to  erosion. 

Gas-and  oil-fired  units  are  designed  for  pressurized 
firing  operating  under  a positive  pressure  of  10-20  Inches 
of  water  gage;  stoker  units  function  under  a very  slight 
negative  pressure  of  less  than  0.5  Inches  of  water  gauge. 

Induced  draft  fans,  used  In  addition  to  forced  draft  fens, 
are  required  for  any  conversion  from  gas  or  oil  to  coal.  In 
order  to  couple  the  forced  draft  and  Induced  draft  fan 
operation,  a differential  pressure  controller  Is  necessary. 
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Air  preheaters  are  mandatory  for  pulverized  coal  firing. 
The  temperature  must  be  adequate  to  achieve  desired  moisture 
content  and  air  flow.  Direct-fired  air  heaters  are  used  If 
the  preheater  cannot  achieve  the  required  temperature.  Pre- 
heaters are  optional  for  stokers  (temperature  Is  limited  to 
350°F  to  minimize  damage  to  stoker  parts).  Generally  every 
100°F  rise  In  air  preheat  temperature  Increases  the  overall 
efficiency  about  two  percent.  Because  erosion  can  be  a 
major  problem  with  coal  firing,  low  alloy  steel  Is  used  In 
preheaters,  and  lower  stack  gas  velocities  are  necessary  for 
coal -f 1 red  units. 

There  are  three  basic  fuel  conversions  that  can  take 
place;  (1)  reconverting  a boiler  back  to  coal  firing,  (2) 
converting  original  oll-or  gas-fired  boilers  to  coal  and  (3) 
Installation  of  a new  boiler. 

(1)  Some  older  boilers  originally  were  coal-fired  units 
but  were  converted  to  gas  or  oil  for  economic  and/or  environ- 
mental reasons.  Stokers  were  removed,  ash  pits  were  eliminated 
when  unnecessary,  and  new  burners  were  Installed.  In  recon- 
version from  gas  back  to  coal,  soot  blowers  and  stack  gas 
controls  are  necessary.  The  stoker  must  be  repaired  or  re- 
placed, new  ash  handling  facilities  Installed,  soot  blowers 
rehabilitated  or  replaced,  and  In  some  cases  stack-gas  cleaning 
equipment  Installed.  Necessary  auxiliary  equipment  such  as 
fans,  hoppers,  foundation  modi ficatlons,  and  so  forth  will  also 
be  added.  These  modifications  are  In  addition  to  Installing 
basic  coal  handling,  transportation,  and  storage  facilities. 

One  major  problem  with  reconversion  Is  that  the  original 
boiler  pulverizers,  ash-handling  system,  and  other  equipment 
may  have  been  designed  for  coal  with  properties  different  from 
coal  now  available. 


(2)  Units  originally  fired  by  oil  or  gas  sometimes  can 
be  converted  with  modifications.  Usually  these  units  are 
large  volume  boilers,  with  Induced  or  balanced  draft.  Oil- 
fired  units  usually  have  soot  blowers.  Mechanical  stoking 
equipment  can  be  Installed  with  a minimal  loss  In  load  capablll 
ties . 


Along  with  Installation  of  the  spreader-stoker,  duct 
work  must  be  revised  to  provide  necessary  air  through  the  grates 
and  side  ports.  An  ash-handling  system  Including  ash  pit  and 
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removal  equipment  must  be  added.  Stack  gas  control  equipment, 
additional  soot  blowers,  and  equipment  to  Increase  air  '‘eed 
also  Is  necessary.  Basic  coal  handling,  storage,  and  transpor- 
tation facilities  are  essential.  Insufficient  available  space 
for  modifications  and  downrating  of  boilers  are  two  limitations 
to  this  alternative. 


(3)  The  third  option  Is  complete  replacement  of  an  oil-  or 
gas-fired  boiler  system  with  a coal-fired  system.  This  can  be 
either  a prefabricated  shop  assembled  package  unit  or  on-site 
construction  of  a coal-fired  boiler.  Extensive  engineering 
Is  Involved  In  conversion  of  a boiler  system.  Prior  to  any 
final  decision  on  conversion,  replacement  of  the  entire  system 
should  be  considered. 

Appendix  G presents  two  examples  of  conversion  of  o11- 
or  natural-gas-fired  boilers  to  coal. 


Fluidiscd-Bcd  Combuetion.  FI u1 d 1 zed -bed  combustion 
(FBC)  (Figure  }\  currently  under  development,  will  require 
coal  receiving  handling  and  storage  facilities,  and  ash 
disposal  capabilities  similar  to  those  with  other  coal-fired 
operations.  Boiler  water  treatment  capabilities  at  existing 
Installations  should  be  adaptable  to  the  new  system. 

Conventional  o11->  gas-,  or  coal-fired  boilers  cannot  be 
converted  to  fl uidl zed-bed  combustion.  Proposed  FBC  units 
will  be  prefabricated  modules,  with  capacities  of  300,000  1b 
of  steam  per  hour.  For  a large  centralized  system,  three  of 
these  units  would  be  required.  One  centralized  unit  Is 
adequate  for  smaller  bases.  Decentralized  systems  would 
also  require  one  FBC  module. 

Since  shop-assembled  package  boilers  can  be  mass-produced, 
capital  costs  will  be  lower.  The  units  are  modular,  and 
Increases  In  requirements  can  be  made  by  addition  of  one  or 
more  modules.  Fl uidized-bed  combustion,  which  Inherently 
limits  sulfur  dioxide  emissions,  eliminates  the  need  for 
sulfur  dioxide  stack  gas  removal  equipment.  It  has  been 
estimated  that  overall  capital  costs  of  the  boiler  will  be 
35  percent  less  than  those  of  conventional  coal-fired  units. 

For  related  reasons,  operating  costs  also  should  be  lower. 
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since  FBC  boiler  tubes  are  In  direct  contact  with  the 
solid  particles  of  the  bed.  the  rate  of  heat  transfer  Is 
several  times  greater  than  that  for  conventional  boilers, 
and  the  units  are  more  compact.  This  Is  an  advantage  where 
space  Is  at  a premium  or  for  future  addition  of  modules  to 
meet  Increased  demand. 

Another  advantage  Is  Increased  overall  operating  efficiency 
of  the  boiler.  Thus,  smaller  quantities  of  cheaper  coal  can 
yield  the  same  heat  output  as  more  conventional  coal-fired 
units,  reducing  operating  costs. 

Fluldized-bed  combustion  has  the  additional  flexibility 
of  burning  an  assortment  of  solid  fuels,  Inci uding  solid 
waste.  Coals  having  a wide  range  of  physical  and  chemical 
properties  are  acceptable.  Even  low-quality,  high-sulfur 
coals  can  be  burned  without  danger  of  slagging. 

In  order  to  replace  a conventional  boiler  unit  with  a 
multi-cell  fluldized-bed  boiler,  specific  equipment  additions 
and  modifications  are  necessary: 

• The  old  boiler  must  be  replaced  with  FBC  modules 

a If  coal  was  not  previously  used,  coal  handling  and 
storage  facilities  must  be  Installed. 

a Coal-crushing  equipment  such  as  hammermllls,  must 
be  Installed  to  reduce  coal  to  the  desired  size 
(maximum  1/4  In. ) 

a Limestone  or  dolomite  sorbent  storage  facilities 
and  transfer  equipment  such  as  conveyors  must  be 
Installed. 

a Crushers  are  needed  for  limestone/dolomite. 

a Electrostatic  precipitators  or  other  effluent 

particulate  controls  must  be  Installed  to  remove 
fly  ash. 

a Fuel  and  solvent  feeders  are  required. 

a Combustion  and  safety  controls  must  be  modified 
or  replaced. 
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• Bottom  ash  collection,  and  spent  sorbent  removal 
storage/disposal  facilities  are  needed. 

e An  ash  reinjection  system  to  take  the  high  carbon 
fly  ash  from  the  particulate  collector  and  Inject 
the  ash  Into  the  carbon  burnup  cells  of  the  fluldlzed- 
bed  boilers  Is  necessary. 

e The  air  preheater  must  be  modified. 


Coal/Oil  Slurries.  Burning  coal/oll  slurries  In  conventional 
oil-fired  boilers  has  been  proposed  to  extend  oil  supplies  by 
combining  suspended  pulverized  coal  and  o11.  This  technology 
Is  currently  In  the  developmental  stage.  Coal  mixtures  are 
prepared  by  first  pulverizing  coal  to  70-95  percent  through 
200  mesh  and  then  mixing  the  coal  with  No.  6 residual  fuel 
oil.  Additives  are  used  to  maintain  the  coal  In  suspension. 

It  has  been  estimated  that  successful  Implementation  of  coal 
and  oil  mixtures  could  reduce  Imports  of  oil  significantly, 
but  this  remains  open  to  question. 

Benefits  of  using  coal/oll  mixtures  Include; 

e Extension  of  fuel  oil  supplies 

e Minimal  capital  expenditure  - can  be  burned  In 
commercial  oil-fired  boilers. 

e Operating  cost  savings. 

e Versatility  of  operation  - oil  alone  still  could 

be  burned. 

e Minimal  bottom  ash  formation,  meani ng  reduced 

disposal  requirements. 

e No  slagging. 
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Coal  Is  unloaded  Into  the  coal  storage  bln.  It  Is  then 
ground  to  70-95  percent  through  200  mesh.  The  pulverized 
coal  then  Is  stored  In  a supply  hopper  and  fed  by  conveyor 
to  a mixing  tank.  No.  6 fuel  oil  from  storage  Is  heated  to 
approximately  100°F  and  pumped  to  the  mixing  tank.  An  emulsi- 
fier may  be  added  to  keep  the  coal  In  suspension.  After 
mixing,  the  fuel  Is  conveyed  to  a slurry  hold  tank  from  the 
proportioning  feeder  tank.  The  fuel  mixture  Is  approximately 
40  percent  coal  and  60  percent  oil.  The  slurry  Is  pumped 
through  a 300°F  slurry  preheater  Into  the  burners.  Combustion 
air  blowers  supply  air  for  combustion. 

The  coal  pulverizer  requires  a cyclone  separator  and 
bag  house.  The  hot  flue  gas  from  the  combustor  requires 
fly  ash  removal.  It  Is  estimated  that  99  percent  of  the  ash 
fed  to  the  boiler  Is  discharged  through  the  stack.  There  Is 
little  bottom  ash  deposition. 

To  convert  oil-fired  units  to  coal/oll  slurries  would 
require  establishment  of  coal-handling,  storage,  and  prepara- 
tion (Including  pulverizers)  equipment  and  the  fuel  mixing 
equipment  discussed  In  the  process  description. 

It  Is  Impractical  to  convert  gas-fired  units  to  oil,  and 
then  use  the  slurry  as  a fuel,  due  to  potential  future  shortages 
of  oil.  It  would  be  more  prudent  to  convert  the  units  to 
direct  coal  firing.  Conversion  of  gas  to  oll/coal  slurries 
would  Increase  dependence  of  o1 1,  defeating  the  objective  of 
Independence  from  oil  supplies. 


Coal  Deeulfurization.  On-sIte  removal  of  organic  and 
pyritic  sulfur  Is  a potential  alternative  to  stack  gas 
cleaning,  use  of  low  sulfur  coal,  or  fl u1 d1 zed-bed  combustion. 
At  this  time,  however,  the  technology  Is  at  such  an  early 
stage  of  development  that  It  Is  premature  to  discuss  Imple- 
mentation strategies  and  Impacts.  Cost  Is  an  additional 
unknown  factor. 
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Summary  of  Implementation  Strata yiee  and  Impaata  for 
Direct  Combuation  of  Coal,  Tables  7 through  10  list  require- 
ments for  implementation  of  th6  various  direct  combustion 
technologies.  Also  Included  are  corresponding  economic, 
physical,  or  environmental  Impacts,  resulting  from  Implementa- 
tion. General 1y,  coal  combustion  results  In  Increased  particu- 
late and  sulfur  dioxide  emissions.  Increased  physical  space 
requirements,  capital  expenditures,  revamping,  relocating  or 
replacement  of  piping  systems,  foundations,  and  building 
structures,  and  magnified  solid  waste  production. 

In  Table  7 stoker-fired  boiler  technology  Is  discussed. 

As  with  all  other  coal  technologies,  fuel  handling  and  storage 
facilities  require  space , and  potentla 1 1y  produce  water  and  a 1 r 
pollution,  greater  traffic,  air  pollution,  congestion,  and  so- 
forth.  Modifications  or  adaptation  of  boilers  can  Increase 
maintenance,  retraining  of  operators,  capital  expenses,  re- 
placement of  equipment,  feed  systems,  fans,  and  development  of 
ash-handling  and  disposal  equipment. 

Pul verized-coal-fired  systems  basically  require  similar 
types  of  modification  and  produce  similar  Impacts.  Additionally 
pulverizing  equipment  Is  needed  to  grind  the  coal  to  the  proper 
particle  size.  This  Increases  noise  and  dust  problems  as  wel  1 as 
requiring  additional  space  and  Increased  control  measures. 
Improved  fuel  combustion  efficiency  and  reduced  ash  are  two 
advantages  of  this  system  (see  Table  8). 

As  shown  In  Table  9,  Implementation  of  fluidized. bed 
combustion  necessitates  complete  replacement  of  the  boiler 
system  In  addition  to  typical  coal  handling,  storage,  and 
preparation  systems.  Dolomite  handling,  crushing,  and  storage 
equipment  Is  necessary.  Increased  particulate  emissions 
and  solid  waste  accumulation  are  the  major  environmental 
Impacts.  Sulfur  dioxide  levels  are  minimal,  thus  eliminating 
the  need  for  stack-gas-cleaning  equipment.  The  technology, 
which  Is  still  developmental,  would  require  retraining  of 
operators . 
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TABLE  8.  Implementation  and  Impacts  of  Conversion  or  Replacement  of 
Oil- or  Gas-Fired  Units  to  Pulverized  Coal-Fired  Units 
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TABLE  10.  Implementation  and  Impact  of  Conversion  or  Replacement 
of  01 1- or  Gas-FI red  Units  to  Coal/Oil  Slurry 


More  complex  operation 


Coal/oil  slurry  technology,  also  under  development, 
similarly  requires  coal  handling,  storage,  and  preparation 
facilities.  Conversion  of  oil-fired  systems,  the  units  which 
can  be  practically  converted,  requires  burner  modifications, 
coal/oll  mixing  systems,  and  additional  solid  waste  control 
and  disposal  equipment  (Table  34). 


Coal -Deri yed  Gas.  Systems  for  replacing  natural  gas  and  oil 
with  synthetic  gas  derived  from  coal  have  been  described 
previously.  Of  those  potentially  applicable  to  military  needs, 
only  the  Koppers-Totzek  and  Lurgi  processes  for  low-Btu  gas 
have  been  commercially  proven.  Lurgi  hIgh-Btu  gas  production 
Is  expected  to  be  commerically  demonstrated  In  the  near  future, 
and  HYGAS  and  CO2  Acceptor,  under  development,  are  potential 
second-generation  systems. 


Commevaially  Available  Prooeeaee.  Only  low-  and  medlum- 
Btu  gasification  systems  have  been  commercially  established. 

Any  conversion  to  gas  from  coal  In  the  Immediate  future  will 
necessarily  be  based  on  low-Btu  technology.  Two  systems 
previously  Identified  as  compatible  with  Army  Installation 
needs  are  Koppers-Totzek  and  Lurgi.  Koppers-Totzek  has  the 
advantage  of  operating  at  sufficiently  high  temperatures  to 
avoid  formation  of  significant  amounts  of  tar  and  oil. 

Lurgi  has  the  advantage  of  operating  on  air  for  low-Btu  gas 
production. 

Implementation  of  either  of  these  systems  to  replace 
natural  gas  and  oil  will  require  changes  In  existing  equipment 
and  operations.  Substitution  of  low-  or  medlum-Btu  gas  will 
Impact  the  end-use  equipment  as  well  as  requiring  Installation 
of  the  gas -produci ng  system.  Conversion  to  coal-derived  gas 
for  fuel  will  require  evaluation  of  many  factors.  These 
will  Include  selection  of  the  appropriate  process,  design 
and  Installation  of  the  system,  modification  of  existing 
equipment,  utilization  of  the  system,  and  potential  future 
alterations  to  the  system. 

In  selecting  the  most  appropriate  system  for  a given 
facility,  both  technical  and  economic  factors  must  be  Identified. 
For  gas  from  coal.  Items  of  major  consideration  will  Include 
the  gas  heating  value  and  composition,  process  complexity, 
coal,  water,  and  other  resource  requirements,  and  capital 
and  operating  costs  associated  with  the  system.  Table  11 
lists  the  major  technical  factors  for  Koppers-Totzek  and 
Lurgi  as  applied  to  large  and  medium  Army  facilities.  Included 
In  these  compilations  are  gasifier  conditions,  estimates  of 
the  number  and  size  of  gasifiers  required  for  each  system. 
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TABLE  11.  Technical  Factors.  Low-Btu  Gasification 


TUt  ctpicUjf  Of  a tingle  KopperfTottek  unit 
ro9w1rt««ntt  for  •tdlua-sited  Aray  tfiftal  Tatlont 


and  estimated  overall  thermal  efficiency.  Quantities  of 
coal  and  gasifier  size  and  number  have  been  estimated  for 
"typical"  lignite,  subbi tumi nous , and  bituminous  coal 
heating  values. 

In  addition  to  direct  process  factors,  conversion  to 
1ow-Btu  gas  from  coal  will  require  numerous  ancillary  systems 
and  equipment.  Table  12  presents  a listing  of  major  factors 
In  this  category.  Lurgi  and  Koppers-Totzek  both  require  coal 
receiving  and  preparation  facilities.  An  oxygen  plant  will 
be  required  for  Koppers-Totzek.  Water  and  wastewater  treatment 
systems  will  be  needed,  with  Lurgi  requiring  somewhat  more 
extensive  wastewater  treatment.  Solid  waste  disposal  facilities 
or  contract  removal  by  private  waste  disposal  contractors 
also  are  necessary.  Cooling  water  Is  needed  In  both  systems. 
Cooling  towers  may  be  an  additional  requirement. 

Conversion  to  low-  or  medlum-Btu  gas  will  entail  modifica- 
tions to  existing  equipment.  Natural  gas  has  a heating  value 
on  the  order  of  1000  Btu/SCF  while  the  low-  or  medlum-Btu 
replacements  considered  here  have  200  to  500  Btu/SCF.  Thus 
two  to  five  times  low-  or  medlum-Btu  gas  Is  required  for  the 
same  total  heat  release. 

Existing  gas-fired  equipment  will  require  modifications 
to  or  replacement  of  the  burners  to  permit  combustion  of  the 
greater  volume  of  fuel.  Under  some  conditions,  stack  modifi- 
cations also  may  be  required.  Local  gas  distribution  systems 
generally  operate  at  pressures  of  10  psi  or  less.  In  order 
to  achieve  the  higher  flow  rates  needed  to  compensate  for 
the  reduced  heating  value,  higher  pressures  may  be  necessary. 
Depending  upon  the  Individual  distribution  system  capabilities, 
this  may  lead  to  the  replacement  of  part  or  ull  of  the 
piping,  pressure  reducers,  valves,  gauges,  and  controllers. 

Oil-fired  equipment  will  require  burner  modification  or 
replacement  and.  In  addition,  will  require  Installation  of 
gas  mains  to  the  site.  Coal-burning  furnaces.  If  converted 
to  gas,  will  require  extensive  modification.  Alternatively, 

It  may  be  more  practical  to  retain  coal-fired  equipment 
unchanged.  Table  13  lists  activities  necessary  to  convert 
existing  equipment  to  low-  or  medlum-Btu  gas. 

Operation  of  the  system  and  utilization  of  the  fuel  gas 
constitute  another  category  of  factors  to  be  considered  In 
Implementing  low-Btu  gas  from  coal.  Table  14  identifies 
major  items  of  the  class. 


TABLE  12.  Process  Factors.  Low-Btu  Gasification 


f-iunOTiot*  installation 


Co*l  Rtctiving  •nd  Storage 


Coal  Preparation 


Gaalflar  Syatoai 


Water  and  Wastewater 
Facilities 


Solid  Haste  Facilities 

Air  Pollution  Control 
Facilities 

Utilities 


itnppfrs-TotieA 

Rail.  Barge  or  Truck  Dellvfy 

Open  Storage.  10-90  days.  Acres 
or  Silo  storage 

Stockpile  feed  and  reclalai 

Coal  crushed,  dried,  end 
ground  to  70t  200  e«esh 


Dust  control  equipment 

Entrained  bed.  oxygen  fired, 
slagging  operation 

Requires  oxygen  plant 

Low  pressure  operation,  /eti". 

Gas  requires  quench, 

riiovll.  tulfdT  rewovil.  cooling. 

and  conpresslon 

Low  pressure  steaei  to  9*»<^<**‘ 
requires  eilnlaial  boiler  feed- 
water  treatment 

quench  water 

particulates.  •***"*i*llL" 
organics.  Slag  quench  water 
contains  only  slag. 


Slag  (non-leaching),  sulfur 

Required  for  particulate  and 
sulfur  removal 

Steam  required,  low  pressure 

Oxygen  required 
Cooling  water 


Rail.  Barge  or  Truck  Delivery 

Open  Storage.  30-90  days.  Acres 
or  silo  storage 

Stockpile  feed  and  reclaim 

Coal  is  dried  and  crushed 
to  1 l/«  * B/’® 

Caking  coals  are  pretreated 

Fixed  bed.  air  fired 
Pressurized  system,  15-20  atm. 

Gai  requires  quench,  tar  and 
5“  rISoval.  sulfur  removal, 
cooling 


Hodorate  to  high  Pf 
steam  to  gasifier  may 
reouire  high  amount  of 
boiler  feedwater  treatment 

Quench  water  «'"*lJla**'’Ash"'* 
and  oils.  P'l^tlculates.  Asn 
quench  water  contains  ash  and 
unburnad  coal . 

Ash  (leachable).  sulfur 

Required  for  particulate  and 
sulfur  removal 

Steam  required,  moderate  to 
high  pressure 

High  pressure,  air  required 
Cooling  water 
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TABLE  13.  Equipment  Modifications.  Low-Btu  Gasification 
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require  extensive  ■oqificetlon  require  e*tens1ve  BOdlflcatlon 
replaceaent  or  replaceaent 


TABLE  14.  Utilization  Factors.  Low-Btu  Gasification 


Utnu«tl0«f«ct8ri 
Sifttjf  Coflildtrittoni 


Optritlonil  fKtort 


Kopwri-Tatut 

futi  yis  contafnt  601  CO, 

Not  iccoptoblo  for  domoittc  utt, 

Noy  not  bo  tecopublo  for  uio 
In  oroti  dovotod  to  portonnol 
ictlvttloi.  Con  b*  utod  In 
tiolitod  botlor  to  gonoritc  ttoom 
ind  hot  vator. 

Got  louit  bo  protturiztd,  my  need 
to  be  dried.  Uryer  voluM  re- 
quired for  tom  hoot  roletie. 
Goilflfr(i)  mutt  operate  contin- 
uously due  to  Impractlcablty  of  qai 
storage.  Requires  Oxygen  pUnt. 

Trained  operators  required. 

Total  of  approximately  4 to  S men 
required  per  shift,  plus  I shift 
per  day  coal  preparation 

Suitable  only  for  completely  centra- 
lized operation,  large  scale  facility. 

Convarslon  of  system  to  produce  hlgh- 
Btu  gat  not  attractive  due  to  low 
l<ethtne  content  of  gat. 

Can  operate  on  any  coal,  does  not 
require  long  term  guaranteed  supply 


LurgI 

Fuel  gat  contains  201  CO. 

Not  accaptable  for  domestic  use. 

Hay  not  be  acceptable  for  use 
In  areas  devoted  to  personnel 
activities.  Can  be  used  In 
Isolated  boiler  to  generate  steam 
and  hot  uater. 

Gas  generated  at  high  pressure, 
mutt  be  reduced  In  pressure  for 
distribution,  may  need  to  be  dried. 
Gasifiers  mutt  operate  continuously 
due  to  Impractlcabllty  of  gas  storage, 
may  operate  with  one  uplt  under  min- 
imum load.  Uses  air  as  oxidizer. 

Trained  operators  required.  Total 
of  approximately  S men  required  per 
shirt,  plus  I shirt  per  day  coal 
preparation. 

May  be  used  In  centralized  or  decen- 
tralized conriguratlon  In  large  scale 
raclllty.  Centralized  It  prererable. 
For  medium  scale  facility  only  cen- 
trallzad  operation  appears  feasible. 

Conversion  of  system  to  produce  hlgh- 
Btu  gat  It  faatlbla.  Methane  content 
Is  fairly  high.  Would  require  addi- 
tional gasifiers,  oxygen  plant,  CO 
shift  reactor,  CO  removed,  and 
Methanatron  reactor.  Additional  coal 
Mould  be  needed  as  uell. 

Generally  restricted  to  non-caking 
coals  unless  pretreatment  can  be 
used.  Must  have  long-term  supply 
of  coal  with  specific  properties. 


Pollution  Controls 


High  temperature  operation  mini- 
mized formation  of  tars,  oils  and 
other  organics.  Mineral  matter 
It  converted  to  Slag.  Waste  water 
treatment  consists  mainly  of  solids 
removal  via  settling  and  thicken- 
ing. Slag  Is  essentially  non- 
leachlng.  Annonla  may  be  present- 
ing gas  quench  water  stream  but 
at  low  levels. 

HjS  and  sulfur  compounds  are  re- 
moved from  gat  stream.  Sulfur 
recovery  It  required.  Sulfur 
will  be  produced  In  proportion  to 
the  amount  In  the  Incoming  coal. 

Most  practiced  method  Is  to  pro- 
duce elemental  sulfur. 

Solid  wastes  are  slag  and  elemental 
sulfur.  Both  are  Inert.  Slag  can 
be  disposed  of  fn  landfill.  Sulfur 
nay  have  market  value  or  can  be  dis- 
posed of  In  landfill. 

Coal  storage,  handling,  and  prepar- 
ation nay  require  controls.  Open 
storage  may  prouuce  runoff  which 
mutt  be  Irpounded,  settled,  and  In 
some  cases  treated.  Silo  storage 
avoids  this.  Handling,  storage  and 
crushing  operatlolns,  produce  dust, 
and  particulates  which  must  be  con- 
trolled to  prevent  release. 
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Gas  exit  temperature  favors  formations 
of  tars,  oils  and  other  organics. 
Amnonla  nay  be  formed  In  significant 
quantles.  Mineral  matter  exists  at 
ash  to  ash  quench.  Gas  exits  to  gas 
quench.  Ash  quench  water  will  con- 
tain suspended  solids  and  dissolved 
solids  both  requires  treatment.  Gat 
quench  water  will  require  extensive 
treatment  to  remove  organics,  oils, 
tars,  and  amnonla.  Disposal  of  tars, 
oils  and  organics  by  recycle  to  gasi- 
fier or  by  In  clneratlon  It  required. 
Recovery  of  amnonla  from  water  and 
subsequent  Incineration  may  be  needed. 

Hy  S and  sulfur  compounds  are  removed 
from  gas  stream.  Sulfur  recovery  It 
required.  Sulfur  will  be  produced  In 
proportion  to  the  amount  In  the  In- 
coming coal.  Most  practical  method 
It  to  produce  elemental  sulfur. 

Solid  wastes  are  ash  and  elemental 
sulfur.  Sulfur  It  Inert  and  disposal 
by  landfill  or  marketing  It  possible. 
Ash  may  laach,  with  require  sealed 
landfill  disposal  site. 

Coal  storage,  handling  and  preparation 
may  require  controls.  Open  storage  may 
produce  runoff  which  must  be  Impounded 
settled,  and  In  some  cases  treated. 

Silo  storage  avoids  this.  Handling, 
storage  and  crushing  operations, 
produce  dust  and  particulates  which 
must  be  controlled  to  prevent  release. 


One  key  limitation  to  complete  conversion  to  low-  or 
niedlum-Btu  gas  Is  the  presence  of  carbon  monoxide  In  the  fuel. 
This  discourages  Its  Introduction  Into  heating  systems 
associated  with  personnel  activities.  The  toxicity  of  carbon 
monoxide  restricts  application  gas  to  large  attended  units, 
physically  sepa'^ated  from  occupied  facilities.  Thus  a dual 
gas  system  Is  necessary  at  Army  Installations  which  utilize 
natural  gas  for  heating  Individual  dwellings,  barracks,  and 
other  personnel  buildings. 

Specially  trained  operators  will  be  needed  for  either 
of  the  systems  considered.  Coal  preparation  will  require 
one  operator,  nominally  one  shift  per  day.  The  operation  of 
the  gasifiers,  subsequent  processing  train,  and  various 
supporting  systems  will  Involve  four  men  per  shift  with 
Koppers-Totzek  and  five  men  per  shift  with  Lurgl.  It  should 
be  noted  that  no  reduction  of  boiler  operators  will  occur, 
since  the  gas  will  simply  replace  natural  gas  and  oil  In 
existing  furnaces. 

Coal  type  requirements  Impose  an  additional  considera- 
tion. Koppers-Totzek  reportedly  can  operate  with  any  coal. 

Thus,  suppliers  can  be  varied  to  achieve  optimal  price, 
delivery,  and  quality  to  meet  changing  situations  In  the 
future.  Lurgl  has  more  stringent  coal  requirements  and  with 
this  system  It  will  be  necessary  either  to  assure  long  term 
coal  supplies  or  to  have  alternative  equivalent  sources 
available. 

Pollution  controls  and  environmental  considerations 
differ  for  the  two  systems.  Both  require  sulfur  recovery 
units.  Lurgl  requires  more  extensive  wastewater  treatment 
than  Koppers-Totzek.  Both  systems  will  require  a water 
supply  with  Koppers-Totzek  reportedly  using  less  water. 

Cooling  towers  may  be  needed  to  limit  thermal  discharges. 

Finally,  noise  levels  associated  with  solids  handling  may 
require  control . 

Impacts  resulting  from  substitution  of  low-  or  medlum-Btu 
gas  from  coal  for  natural  gas  and  oil  are  both  favorable  and 
unfavorable.  Favorable  Impacts  Include  the  elimination  of 
multiple  fuels  (coal,  oil,  and  gas)  for  steam  generation  at  those 
Army  facilities  which  use  more  than  one  fuel.  Reliance  upon 
natural  gas  Is  reduced,  thus  reducing  the  possibility  of  curtail- 
ment and  price  Increases.  Similarly,  oil  consumption  Is  reduced 
and  oil  storage  facilities  can  be  eliminated,  and  the  chances  of 
price  Increases  or  Interruption  of  oil  supplies  are  reduced. 
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Unfavorable  impacts  result  largely  from  the  complexity  of 
the  gasification  system  and  from  the  need  to  process  solid  fuel 
containing  significant  levels  of  Impurities.  Additional  un- 
favorable Impacts  result  from  the  differences  between  low-  or 
medlum-Btu  and  hIgh-Btu  gas.  These  differences,  the  lower 
heating  value,  and  the  CO  content  limit  low-  and  medlum-Btu 
applications  to  specific  boilers  and  may  result  In  dual  distri- 
bution systems  where  natural  gas  Is  extensively  used. 

Tables  15,  16,  and  17  identify  economic,  operational,  and 
process-related  Impacts  which  will  be  associated  with  conversion 
from  natural  gas  and  oil  to  coal -derived  low-  and  medlum-Btu 
gas.  It  can  be  seen  that  In  many  cases.  Implementation  and 
impacts  are  either  Identical  or  are  closely  related. 


Developmental  Pvoaeaaea  (High-Btu).  All  high-Btu  coal 
gasification  processes  must  be  considered  developmental  at 
this  time.  While  there  are  plans  for  several  commercial 
high-Btu  gasification  plants  based  on  Lurgi  technology, 
these  facilities  have  been  repeatedly  delayed  by  permit 
problems  and  environmental  considerations.  El  Paso  Natural 
Gas  and  Transco  Pipeline  have  both  committed  extensive 
planning,  design,  time,  and  other  resources  to  complexes  to 
be  located  In  New  Mexico  and  to  serve  West  Coast  market 
areas.  Even  under  the  best  of  conditions,  these  facilities 
stand  little  chance  of  being  In  production  during  the  seventies. 

Lurgi  technology,  however,  does  appear  to  be  the  most 
available  for  near-term  high-Btu  gas  production.  It  will  be 
necessary,  of  course,  to  use  oxygen  Instead  of  air  and  to 
Include  CO  shift  and  methanatlon  units  In  the  system.  One 
added  advantage  of  Lurgi  Is  the  potential  ability  to  convert 
a low-Btu  system.  Installed  In  the  Immediate  future,  to 
high-Btu  service  later.  This  would  essentially  Involve  the 
addition  of  the  units  previously  mentioned,  but  allowance 
for  this  future  change  could  be  made  In  the  Initial  Installation. 
While  this  would  require  modifying  existing  equipment  to 
burn  low-Btu  gas  followed  by  a second  modification  to  high- 
Btu  gas  operation  (In  the  case  of  originally  natural-gas- 
fired  equipment,  this  Is  a reconversion  to  original  state). 

It  Is  possible  that  the  advantages  gained  from  an  early 
switch  away  from  natural  gas  and  oil  could  outweigh  the  dls- 
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TABLE  16.  Operational  Impacts.  Low-Btu  Gasification 
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TABLE  17.  Process  Related  Impacts.  Low-Btu  Gasification 
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Organics  rCBOved  from  quench  water  will  require  disposal.  Three  methods  may  be  used:  recycle  to  the  gasifier 
with  feed  coal;  Incineration  to  COj  and  H2O;  and  contract  disposal.  Ammonia  stripped  from  the  wastewater 
can.  If  present  In  small  quantities,  be  dispersed  to  the  atmosphere.  If  quantities  are  too  large  for  effective 
dispersal.  Incineration  to  N2  and  H2O  Is  possible  but  requires  controls  to  avoid  formation  of  NOx-  Ammonia 
may  have  marketable  value,  but  this  Is  doubtful. 


advantage  of  a second  later  modification  to  synthetic  hlgh- 
Btu  gas. 

All  other  hIgh-Btu  gasification  processes  must  be  con- 
sidered second  generation  and  commercial  applications  of  these 
are  further  In  the  future  than  Lurgl.  The  four  primary  hlgh- 
Btu  processes  have  been  Identified  as  Synthane,  BIGAS,  CO2 
Acceptor,  and  HYGAS.  Other  processes  are  under  development  but 
are  at  too  early  a stage  to  warrant  consideration.  Pilot  plants 
have  been  built  for  all  four  of  the  processes  named.  Success- 
ful operation  has  been  achieved  for  the  CO2  Acceptor  and  HYGAS 
pilot  plants.  The  Synthane  pilot  plant  has  recently  begun 
operation  and  BIGAS  Is  approaching  the  operational  stage. 

Lurgl  hIgh-Btu  already  has  been  Identified  as  a potentially 
applicable  technology  for  Army  use.  Selection  of  any  of  the 
second-generation  processes  must  be  considered  arbitrary  at  this 
time.  CO2  Acceptor  has  been  selected  on  the  basis  of  having 
been  successfully  piloted,  not  requiring  oxygen,  and  accepting 
most  coals,  and  HYGAS  Is  In  this  category  also. 

The  three  cases  considered  are  Lurgl  hIgh-Btu,  conversion 
of  previously  Installed  Lurgl  low-Btu  to  hIgh-Btu,  and  CO2 
Acceptor.  Because  the  two  Lurgl-based  systems  have  more 
Immediate  realization  potential,  these  w1 1 1 be  considered 
together.  The  second-generation  system  will  be  treated 
separately. 

Factors  warranting  consideration  In  Implementing  a con- 
version to  coal-derived  hIgh-Btu  gas  using  Lurgl  technology 
are  listed  In  Tables  18,  19,  20,  and  21.  Except  for  the  need 
for  oxygen,  CO  shift,  and  methanatlon,  the  Lurgl  hIgh-Btu 
process  will  require  changes  almost  Identical  to  those  needed 
for  the  Lurgl  low-Btu  systems.  (Compare  these  tabulations 
with  Tables  11-14  for  Lurgl  low-Btu  gas).  The  major  differences 
result  from  the  lower  overall  thermal  efficiency  of  hIgh-Btu 
gasification  which  Increases  by  approximately  17  percent  the 
amount  of  coal  to  be  processed.  This  In  turn  Increases  the 
required  capacities  of  most  of  the  equipment  and  the  total 
number  of  gasifiers  needed.  Capital  costs  are  higher  due  to 
both  the  additional  processing  steps  and  the  Increased  coal- 
handling capacity.  Conversion  of  o1 1 - and  coal -f1 red  equipment 
to  use  hIgh-Btu  gas  will  also  be  similar  to  the  Lurgl  low- 
Btu  case. 
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TABLE  18.  Techirlcal  Factors  In  Hlqh-Btu  Gasification 
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TABLE  19.  Process  Factors  in  High-Btu  Gasification 


TABLE  20.  Equipment  Modification  In  Hiqh-Btu  Gasification 


CcMbustlon  air  systea  and 
stack  modifications  required 


TABLE  21.  Utnization  Factors  Affecting  High-Btu  Gasification 
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The  parallel  case,  conversion  of  a previously  Installed 
Lurgi  low-Btu  system  to  a hIgh-Btu  system,  has  far  fewer 
required  chang'S,  since  most  of  these  will  have  been  accomplished 
during  the  orl.nal  conversion.  In  particular,  the  oxygen,  CO 
shift,  and  methanatlon  units  must  be  added,  as  will  additional 
gasifiers.  Reconversion  of  equipment  operating  on  low-Btu 
gas  to  hIgh-Btu  operation  Is  required.  In  addition,  Introduction 
of  hIgh-Btu  gas  Into  systems  which  were  excluded  from  low-Btu 
gas  service  (due  to  the  CO  content)  Is  possible. 

If  the  orginal  low-Btu  system  Is  designed  for  ultimate 
conversion  to  hIgh-Btu  gas  production,  the  changes  needed  during 
that  modification  can  be  minimized.  Further,  the  economic 
factors  which  Include  Initial  low-Btu  cost,  equipment  modifica- 
tions, Interim  operating  costs,  and  subsequent  conversion  to 
the  high-Btu  systems  and  reconversion  and  modifications  of 
equipment,  may  favor  this  two-step  approach  to  high-Btu  gas. 

This  will  require  a detailed  site-specific  study,  however. 

Impacts  resulting  from  the  conversion  to  Lurgi  high-Btu 
gasification  will  also  be  similar  to  those  described  In  the 
low-Btu  discussion.  Such  Items  as  solid  waste  disposal  and 
wastewater  treatment  will  Increase  slightly  In  response  to 
the  Increased  quantities  of  coal.  Somewhat  more  water  will  be 
needed  as  well.  The  added  operations  (oxygen  production, 

CO  shift,  and  methanatlon)  slightly  Increase  the  complexity 
of  the  system  and  will  necessitate  addUlonal  manpower.  The 
ability  to  safely  use  high-Btu  gas  In  individual  dwellings 
will  enable  a complete  conversion  to  gas,  rather  than  limited 
application.  If  coal-fired  units  are  converted  to  gas,  solid 
waste  handling  will  be  confined  to  a single  source  (the  gasi- 
fication system)  simplifying  collection  and  disposal.  Tables 
22,  23,  and  24  summarize  the  impacts  Identified  for  these  two 
Lurgi  alternatives. 

Factors  influencing  Implementation  of  the  CO2  Acceptor 
process  to  high-Btu  gas  production  for  military  applications 
are  listed  in  Tables  25  and  26.  The  effect  of  using  COg 
Acceptor  are  the  same  as  those  resulting  from  Lurgi  high-Btu 
implementation.  The  major  factors  warranting  consideration  are 
the  disposal  of  solid  waste,  both  ash  and  spent  dolomite,  the 
complexity  of  the  high- temperature  transfer  of  solids  between 
the  reactor  and  regenerator,  and  the  possible  limitations  on 
the  type  of  coal  which  Is  acceptable. 
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■irketable  value,  but  this  Is  doubtful. 


Natural  Gas- Fired  Equipment  - No  Impacts 
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I ABLE  25.  Process  Factors.  CO2  Acceptor  Gasification 


Coal  Receiving  and  Storage 

Coal  Preparation 

Acceptor 

Gasifier  System 

Mater  and  wastewater  facilities 

Solid  Waste  Facilities 

Air  Pollution  Control 
Fad  1 1 ties 

Utilities 


Rail,  barge,  and  truck  delivery 
Storage,  30-90  days  supply 
open  coal  piles  or  silos 

Stockpile  feed  and  reclaim 
Coal  dried  and  ground  to 

1/8"  X 0. 

Dust  Control  Equipment 

Requires  receiving  facility, 
bln  or  silo  storage 
Crushing  and  transport 

Complex  high  temperature 
solids  transfer 

Air  Fired 

Gas  requires  particulate  and 
sulfur  removal  and  methanatlon 
cooling 

Low  organics  content  of  water 
used  In  process  reduces 
treatment 

Ash  and  spent  dolomite 
may  leach  sulfur 

Required  for  particulate 
and  sulfur  removal 

Steam  and  cooling  water 
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TABLE  26.  Utilization  Factors  COg  Acceptor 


UtiUzatlon  Factors 
Safety  Considerations 


Operational  Factors 


Pollution  Controls 


CO?  Acceptor  Gasification 

Can  replace  natural  gas  with 
no  changes.  Oil  and  coal 
must  be  modified. 

Gas  generated  at  moderate 
pressure,  must  be  reduced  In 
pressure  for  distribution,  may 
need  to  be  dried.  Gasifiers 
must  operate  continuously  due  to 
Impacticablllty  of  gas  storage, 
may  operate  with  one  unit  under 
minimum  load.  Uses  air  as  oxidizer. 

Trained  operators  required.  Total 
of  approximately  men  required  per 
shift,  plus  shift  per  day  coal 
preparation. 

Suitable  only  for  completely  centra- 
lized operation,  large  scale  facility. 

Generally  restricted  to  low  rank 
coals.  Must  have  long-term  supply 
of  coal  with  specific  properties. 


Nigh  temperature  operation  minimized 
formation  of  tars,  oils  and  other 
organics. 

NzS  and  sulfur  compounds  are  removed 
from  gas  stream.  Sulfur  recovery  Is 
required.  Sulfur  will  be  produced 
In  proportion  to  the  amount  In  the 
Incoming  coal.  Most  practiced  method 
Is  to  produce  elemental  sulfur. 

Solid  wastes  are  ash,  spent  dolomite, 
and  elemental  sulfur.  Both  are  Inert. 
Ash  and  dolomite  can  be  disposed  of 
In  landfill,  but  may  leach.  Sulfur 
may  have  market  value  or  can  be  dis- 
posed of  In  landfill. 

Coal  storage,  handling,  and  preparation 
may  require  controls.  Open  storage 
may  produce  runoff  which  must  be 
Impounded,  settled,  and  In  some  cases 
treated.  Silo  storage  avoids  this. 
Handling,  storage  and  crushing 
operations,  produce  dust,  and  parti- 
culates which  must  be  controlled  to 
prevent  release. 
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These  tabulations  show  that,  except  for  minor  differences, 
Implementation  of  each  of  the  hIgh-Btu  gasification  processes 
1s  nearly  Identical.  Similarly,  the  Impacts  are  essentially 
the  same.  Impacts  resulting  from  CO2  Acceptor  are  listed  In 
Tables  27  and  28.  Process-related  Impacts  are  essentially 
Identical  to  those  resulting  from  Lurgi  hIgh-Btu  technology 
(Table  23)  and  are  not  repeated  here. 
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TABLE  27.  Operational  Impacts.  High-Btu  Gasification 
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TABLE  28.  Economic  Impacts,  Hlgh-Btu  Gasification 
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6 ECONOMICS  OF  COAL  TECHNOLOGIES 


Tables  29  through  35  present  cost  estimates  for  the 
various  coal  technologies  discussed  In  this  study.  Capital 
costs  and  operating  costs  are  presented  where  available  and 
practical.  Costs  listed  Include  coal  receiving,  storage, 
preparation,  and  handling,  as  well  as  combustion  or  conversion 
technology  expenses.  Also  Included  are  auxiliary  equipment 
such  as  necessary  air  pollution  control  equipment.  Capital 
expenditures  Include  the  cost  of  Installation. 

When  determining  whether  or  not  to  convert  from  oil  or 
gas,  the  price  of  fuels  must  be  considered.  Typical  prices 
for  these  fuels  (December  1976)  are  shown  In  Table  36.  These 
prices  vary,  of  course,  depending  upon  location,  fuel  grade, 
and  numerous  other  factors,  and  Table  29  should  be  considered 
only  to  reflect  relative  costs  between  oil,  gas,  and  coal. 

Eaonomioe  of  Diveot  Combuation  of  Coal.  Table  29  shows 
the  capital  costs  for  new  stokers  and  pulverizers,  as  well 
as  the  cost  of  coal-receiving,  handling,  storage,  and  prepara- 
tion equipment.  As  explained  earlier,  the  coal  type,  age 
type  and  condition  of  existing  equipment,  the  type  of  replace- 
ment equipment,  physical  constraints,  availability  of  existing 
coal -processing  equipment,  and  other  factors  affect  the 
selection  of  equipment  and  the  corresponding  costs. 

Since  determination  of  the  cost  of  converting  existing 
o1 1 - or  gas -fired  units  to  coal-firing  Is  unique  to  the  specific 
situation,  estimates  of  the  general  conversion  of  existing 
facilities  to  coal  are  not  definitive.  These  costs  vary  greatly 
so  that  attempts  at  cost  estimating  for  modification  or 
replacement  are  estimates  at  best. 
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TABLE  30.  Capital  Costs.  Low-Btu  Gasification 
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TABLE  32.  Capital  Costs.  Lurgi  High-Btu  Gas  Gasification 
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TABLE  33.  High-Btu  Gas,  Lurgl  Operating  Costs 
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TABLE  35.  High-Btu  Gas,  CO2  Acceptor  Operating  Costs 


Capital  costs  for  new  units  can  be  estimated.  The  capital 
costs  Include  the  price  of  equipment,  fuel  handling,  storage 
and  preparation,  and  the  cost  of  Installation  which  Includes 
both  material  and  labor.  All  costs  encompass  the  entire 
process  from  receiving  the  coal,  fuel  preparation,  combustion 
equipment,  boilers,  and  environmental  controls.  Capital  costs 
of  combustion  units  are  manufacturer  estimates.  Cost  of 
coal  handling,  storage,  and  preparation  were  derived  from 
estimates  In  Preliminavy  Eoonomio  Analyaia  of  CO  Aaaeptor 
Prooeaa,  Produaing  250,000  Million  Standard  Cubic  Feet  Per 
Day  of  High-Btu  Gaa  From  Two  Fuela,  Bureau  of  Mines,  ERDA 
1975. 


Several  assumptions  were  made  In  deriving  capital  costs: 

• No  coal-handling,  storage,  and  preparation  facilities 
exist  on  the  base. 

• Size  of  selected  direct  combustion  units  required 
are:  (1)  3xl06  Btu/hr,^(2)  5x10^  Btu/hr,  (3)  25xlo6 
Btu/hr,  and  (4)  125x10®  Btu/hr. 

• No  SO2  controls  are  required  on  direct  combustion 
equipment  since  the  capacities  of  the  units  are 
smaller  than  those  regulated  by  EPA. 

• Electrostatic  precipitators  are  used  on  all 
combustion  unit  stacks. 


Eaonomiaa  of  Coal  Converaion  Proaeaaea . Economic  studies 
have  been  made  by  the  Bureau  of  Mines  (In  the  "Preliminary 
Economic  Analysis"  Series)  for  several  coal  gasification 
and  liquefaction  processes.  These  have  been  based  on  a standard 
plant  size  of  250  MSCF/D  for  gasification  plants  and  50,000 
Bbl/D  for  liquefaction  plants.  Capital  and  operating  costs 
were  estimated  and  the  selling  price  of  the  product  was 
determined  as  a function  of  various  rates  of  return  and  coal 
price  assumptions  used  In  these  studies.  Sufficient  detail 
Is  presented  In  these  studies  to  permit  scale  down  of  the 
commercially  sized  plants  to  capacities  applicable  to  Army  use. 
The  exponential  relationships,  where  "r"  Is  the  scaling  exponent 


Cost  (2) 


Cost  (1) 


capacity  (2 
capacity  (1 


r 


was  used.  The  estimates  reflect  current  costs  (1976)  and 
can  be  adjusted  for  escalation  with  reasonable  reliability. 
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The  processes  selected  for  applicability  to  Army  use  are 
Koppers-Totzek , Lurgi  high-  and  low-Btu,  and  CO2  Acceptor 
hIgh-Btu.  (Costs  for  Koppers-Totzek  were  obtained  from  the 
system  licensor  and  were  not  available  In  detail  comparable 
to  the  other  systems.) 

To  obtain  the  capita!  cost  of  each  plant  It  was  necessary 
to  make  various  assumptions  for  each  process  configuration. 
These  assumptions  are  described  In  the  following  pages  for 
each  system  considered.  In  addition  to  the  assumptions  made, 
capital  costs  were  estimated  for  systems  operating  on  lignite, 
subbi tumi nous , and  bituminous  coals  with  nominal  heating  values 
of  8000,  10000,  and  12000  Btu/lb,  respectively. 

Koppers-Totzek  gasifiers  are  available  on  two-  and  four- 
burner  configurations,  handling  400  and  800  TPD  of  coal, 
respectively.  Two-burner  systems  are  priced  at  $25,000,000 
and  four-burner  systems  at  $35,000,000.  For  lignite,  2 four- 
burner  and  1 two-burner  units  are  necessary.  Two  four-burner 
units  are  needed  for  subbi tumlnous  coal,  and  one  each  of  the 
two-burner  and  four-burner  units  are  needed  for  bituminous 
coal . 


Capital  costs  for  Lurgi  low-Btu  gas  were  developed  from 
the  Bureau  of  Mines  studies  for  hIgh-Btu  by  deleting  sections 
not  needed  for  hIgh-Btu  production.  The  method  used  to  scale 
down  was  based  on  determining  the  number  and  the  size  of 
gasifiers  needed  for  each  coal.  Assumptions  made  were: 

a The  thermal  efficiency  of  the  process  Is  65 
percent. 

f Coal  feed  rate  through  the  gasifier  Is  300 
Ib/hr-sq  ft. 

e Gasifier  diameter  Is  9 feet. 

• CO  shift,  oxygen,  methanatlon,  and  utilities 
services  are  not  needed. 

• The  exponent,  r.  In  the  cited  equation  was  taken 
as  0.8,  as  explained  In  the  text. 
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f The  Bureau  of  Mines  study  assumed  45  gasifiers,  each  12 

ft  In  diameter.  After  determining  the  number  and  size  required 
' for  the  estimate  the  unit  gasifier  cost  used  In  that  study  was 

adjusted  by  the  exponential  rule  to  the  smaller  size.  (The 
higher  than  usual  exponent  was  used  to  allow  for  greater  solids 
I handing  contribution  to  cost).  The  gasification  section  was 

f then  synthesized  using  the  proportionate  contribution  of  each 

unit  to  Its  total  cost  In  the  study.  This  was  followed  by  a 
I sitrllar  treatment  for  the  plant  process  units,  I.e.,  coal 

1 preparation,  gas  purification,  etc.  Finally  the  Indirect  costs 

i (field  engineering,  etc.)  were  added  as  percent  of  direct  costs 

I to  obtain  total  capital  costs. 

I For  Lurgi  hIgh-Btu  gasi f Icatl on,  a siml 1 ar  procedure  was 

1 used.  However,  two  variations,  one  considering  a completely  new 

Installation  and  the  other  considering  conversion  of  a previously 
Installed  low-Btu  system  to  hIgh-Btu,  were  treated.  Assumptions 
used  for  the  completely  new  Installation  were  the  same  as  those 
used  In  the  Lurgi  low-Btu  estimate  except  that  the  thermal 
efficiency  of  the  process  Is  taken  as  60  percent.  In  addition, 

. units  not  Included  In  the  1ow-Btu  case  (CO  shift,  methanatlon, 

< oxygen,  etc.)  were,  of  course.  Included. 

• The  CO2  Acceptor  process  presented  a simpler  situation 

than  Lurgi.  Only  four  gasifiers  were  specified  In  the  Bureau 
of  Mines  study.  It  was  assumea  that  the  same  number  would  be 
’ used  In  the  smaller  plant  and  a direct  scale-down  was  used. 

Operating  costs  were  patterned  on  the  appropriate  studies. 

[ Coal  prices  were  assumed  as: 

I 9 Lignite:  $7.00  per  ton 

\ 9 Subbitumlnous:  $9.00  per  ton 

e Bituminous:  $13.00  per  ton* 


‘ Operating  costs  Include  labor,  maintenance,  overhead.  Insurance, 

and  depreciation.  No  by-product  credit  was  assumed.  Since 
these  systems  are  "captive"  and  are  not  producing  a saleable 
product,  selling  price  was  not  calculated. 

Table  31  summarizes  capital  costs  for  Koppers-Totzek  and 
'''Lurgi  processes  generating  low-Btu  gas.  These  have  been  sized 
to  meet  total  base  requirements.  Koppers-Totzek  Is  not  ' 
suitable  for  scale-down  to  the  medium-sized  Installation. 
Operating  costs  for  Lurgi  are  summarized  In  Table  32.  No 
operating  costs  were  estimated  for  Koppers-Totzek. 

tBajeed  ot^  lignite  and  eubbituminoue  only 


\ 
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Capital  and  operating  costs  for  hIgh-Btu  gas  via  the 
Lurgi  system  are  shown  In  Tables  33  and  34.  Tables  35  and 
36  present  the  corresponding  estimates  for  hIgh-Btu  gas 
using  the  CO2  Acceptor  process. 

Comparison  of  the  estimates  In  these  tables  shows  that 
capital  Investment  Is,  as  expected,  greater  for  hIgh-Btu 
gasification  than  for  low-Btu  gasification.  Further,  Lurgi 
hIgh-Btu  gasification  appears  to  have  higher  capital  require- 
ments than  the  CO2  Acceptor.  Operating  costs  are  similarly 
higher  for  the  Lurgi  process. 


Table  36.  Relative  Fuel  Prices,  1976 


Oil: 
Gas: 
Coal : 


$1 3/barrel 
$1/1000  cu  ft 
$1 5/ton 


$2.00/MBtu 

$1.00/MBtu 

$0.70/MBtu 


7 CONVERTIBILITY  OF  TYPICAL  ARMY  BASES 


Characteristic  Army  Bases.  Four  "typical"  military  bases 
have  been  characterized:  large  and  medium  personnel  and  large 
and  medium  Industrial.  Within  these  categories,  fuel  use  break- 
down by  rated  capacity  of  the  heating  or  steam-generating  units 
has  been  Identified  together  with  the  number  of  units  In  each 
size  range  and  the  total  Btu  consumption  for  each  size  range. 

A load  factor  has  been  applied  to  allow  for  probable  Inter- 
mittent operation  of  the  equipment. 

Reference  to  Table  5 shows  that  the  major  differences 
between  medium  and  large  personnel  Installations  Is  In  the 
quantity  of  small  ( >0.75  x 10^  Btu/hr)  heating  units  In  use. 
The  number  of  mid-range  units  Is  approximately  equal  for  the 
two  categories.  Large  units  {>3.5  x 10°  Btu/hr)  are  fewer  In 
number  at  the  larger  posts.  This  may  appear  contradictory; 
however,  the  two  Installations  selected  as  data  for  this 
analysis  actually  reflect  this  situation.  For  these  two 
categories,  total  Btu/hr  consumed  In  0.75  to  3.5  and  >3.5 
million  Btu/hr  units  Is  approximately  equal,  while  the  con- 
sumption In  small  units  differs  by  a factor  of  three. 

The  medium  and  large  Industrial  Installations  show  no 
significant  difference  between  number  of  units  and  energy 
consumption  In  the  capacity  range  less  than  3.5  x 10°  Btu/hr. 

In  the  capacity  range  >3.5  x lOo  Btu/hr,  however,  the  large 
Installation  has  six  boilers  nominally  rated  at  125  x 10*> 

Btu/hr  andgthe  medium  Installation  has  four  nominally  rated 
at  25  X 10®  Btu/hr.  Total  energy  consumption  by  the  large 
Installation  In  this  size  range  Is  approximately  ten  times 
as  large  as  that  of  the  medium  Installation. 

Comparing  personnel  and  Industrial  Installations,  small- 
capacity  units  predominate  In  the  former,  and  large  units  are 
almost  exclusively  used  In  the  latter. 


Conversion  Alternatives.  The  process  of  matching  one  or 
more  coal  utilization  technologies  to  Army  requirements  Is 
necessarily  site-specific.  Some  generalizations  can  be  made, 
however,  by  considering  the  reduction  In  oil  and  natural  gas 
consumption  resulting  from  conversion  to  coal  as  the  primary 
fuel.  To  make  this  evaluation,  the  four  typical  Installations 
have  been  used  as  examples  for  the  various  applicable  techno- 
logies previously  discussed. 
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Rationale  and  Aeaumptione.  In  applying  the  technologies 
to  the  typical  Installations,  the  factor  which  has  been  used  to 
Illustrate  the  effect  Is  the  reduction  In  oil  and  gas  consumed. 
Previously  It  has  been  stated  that  not  all  units  on  an  Army 
Installation  are  amenable  to  conversion  to  certain  technologies. 
This  will  result  In  partial  conversion  In  most  Instances,  and 
one  measure  of  the  effectiveness  of  the  conversion  to  coal 
Is  the  reduction  In  oil  and  gas  Btu  value  consumed. 

To  carry  out  this  hypothetical  evaluation,  various  assump- 
tions have  been  necessary.  Since  the  typical  Army  Installations 
characterized  here  are  not  detailed  representations  of  actual 
Installations,  the  assumptions  are  of  a general  nature.  The 
Intent  Is  to  Illustrate  the  Interaction  between  existing  con- 
ditions and  those  which  would  be  realized  as  a result  of  con- 
version to  coal . 

Assumptions  which  have  been  used  In  this  evaluation  are; 

• Coal  utilization  at  personnel  Installations  Is 
confined  to  units  rated  at  >3.5  x 10®  Btu/hr. 

• One  coal-fired  unit  Is  In  operation  at  each  of 
the  large  and  medium  Industrial  Installations. 

• Large  (>3.5  x 10^  Btu/hr)  units  are  equally  divided 
between  oil  and  gas  operation.  Of  these,  20  percent 
previously  have  been  converted  from  coal  to  oil  or 
gas,  and  the  remainder  are  originally  designed  to 
operate  on  oil  or  gas. 

a Medium  (0.75  to  3.5  x 10®  Btu/hr)  units  have  a 

ratio  of  3 to  1 of  oil  to  gas  as  fuel,  50  percent 
of  these  previously  have  been  converted  from  coal 
to  oil  or  gas,  and  the  remainder  are  originally 
designed  to  operate  on  oil  or  gas. 

• Small  {<0.75  x 10®  Btu/hr)  units  operate  exclusively 
on  oil  or  gas  In  the  ratio  of  oil  to  gas  of  1 to  2. 

• Conversion  of  oil  or  gas  to  coal  operation  Is 
feasible  for  one  out  of  three  units  having 
capacities  of  >0.75  x 10°  Btu/hr. 

• Where  feasible,  total  conversion  to  coal  Is  assumed. 

• Small  units  (<0.75  x 10®  Btu/hr)  cannot  be  converted 
to  direct  combustion  of  coal  except  through 
centralized  district  heating. 
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Ncar-Tevm  Alternativee.  Direct  combustion  Of  coal  using 
pulverized  coal  or  stoker  units  and  production  of  low-Btu  gas 
by  the  Lurgi  or  Koppers-Totzek  processes  are  the  most  pro- 
mising near-term  technologies.  The  reduction  In  oil  and 
natural  gas  consumption  and  the  numbers  of  units  which  can  be 
converted,  which  must  be  replaced,  and  which  must  remain  on 
oil  or  gas  fuel  have  been  estimated  upon  the  basis  of  the 
foregoing  assumptions.  Reduction  In  o11  and  gas  consumption 
also  has  been  estimated.  Tables  37,  38,  39,  and  40  summarize 
the  effects  of  Implementing  the  conventional  direct  combustion 
of  coal  and  low-Btu  gas  from  coal  technologies  for  the  four 
typical  Army  Installations. 

Using  the  overall  fraction  of  oil,  natural  gas,  and  coal 
reported  In  Chapter  1,  the  percent  reduction  In  natural  gas 
and  oil  consumption  has  been  calculated.  This  Is  based  on 
converting  all  units  greater  than  0.75  x 10^  Btu/hr  to  coal, 
either  by  conversion  to  coal  firing  or  by  complete  replacement. 
Units  smaller  than  0.75  x 10°  Btu/hr  are  assumed  to  be  non- 
convertible  to  coal . 

With  this  hypothetical  situation,  the  oil  and  gas  reduction 
resulting  from  conversion  to  coal  at  personnel  posts  ranges 
from  40  to  70  percent.  At  Industrial  Installations  It  Is 
essentially  complete--99  percent.  The  total  fuel  required 
Increases  slightly  because  of  derating  when  converting  oll- 
and  gas-fired  units  (original  equipment)  to  coal,  and  somewhat 
more  when  converting  to  Icw-Btu  gas  because  of  the  thermal 
efficiency  loss  of  the  gasification  process. 

There  are  a number  of  variations  possible.  Some  of  these 
would  permit  near-term  conversion  of  the  units  sized  less  than 
0.75  X 10®  Btu/hr  as  well  as  the  larger  units.  From  the  hypo- 
thetical example  given.  It  appears  that  significant  reductions 
In  oil  and  gas  consumption  can  be  achieved  at  personnel  In- 
stallations either  by  converting  only  units  greater  than 
0.75  X 10®  Btu/hr  or  by  converting  all  units  less  than  that 
size.  Further  discussion  of  the  strategies  appears  later  In 
this  section. 


Long-Range  Alternativee.  Flu1d1zed-bed  combustion,  coal/ 
oil  slurries,  and  the  production  of  hIgh-Btu  gas  either  by 
conversion  of  previously  Installed  Lurgi  low-Btu  gas  or  CO2 
Acceptor  appear  to  be  the  potential  long-term  alternatives 
to  oil  and  gas.  Utilizing  assumptions  outlined  earlier. 

Tables  41  , 42,  43,  and  44  summarize  the  quantity  that  can  be 
converted  to  coal  or  replaced  with  coal-based  units. 
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TABLE  40.  Convertibility  of  Large^ized  AIF/GOCO  Installations 
■to  Coal  as  a Primary  Energy  Source:  Near-Term  Alternatives 


TABLE  42.  Convertibility  of  Large-Sized  Personnel  Installations  to 
Coal  as  a Primary  Energy  Source:  Long-Term  Alternatives 
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Also  Included  in  these  tables  are  the  Impacts  on  oil, 
gas,  and  coal  consumption  of  the  different  alternatives. 

These  calculations  are  based  on  conversion  or  replacement  of 
all  non-coa 1 - f 1 red  units  greater  than  or  equal  to  0.75  x 10® 
Btu/hr.  All  units  smaller  than  0.75  x 10®  Btu/hr  are  assumed 
to  be  non-convertible  economically,  or  that  the  fuel  savings 
would  be  relatively  insignificant.  The  reduction  in  oil  and 
gas  consumption  was  determined  to  be  40  to  100  percent  In  terms 
of  Btu's  for  fluidized  bed  or  hIgh-Btu  gasification.  The 
Industrial  facilities  would  be  totally  converted. 

Conversion  of  oil-fired  units  to  coal/oil  slurries  can 
reduce  oil  consumption  up  to  24  percent.  This  Is,  however, 
only  5 to  14  percent  of  the  total  fuel  consumption  at  the 
base.  It  appears  that  coal/oil  slurry  combustion  would  best 
supplement  other  coal-fired  alternatives  to  oil  and  natural 
gas . 


Strategl es  ■ Various  plans  for  conversion  from  oil  and  gas 
to  coal  as  the  primary  fuel  at  Army  Installations  can  be 
developed.  These  strategies  range  from  Immediately  effective 
changes  to  long-range  plans.  Depending  upon  Individual  site 
characteristics,  they  may  result  In  moderate  reduction  In  oil 
and  gas  utilization  or  total  independence  from  these  two  fuels. 
Selection  of  the  most  promising  strategy  will  be  Influenced 
by  economic  considerations  as  well  as  technical  factors.  Among 
the  possible  strategies  which  may  be  developed  are: 

9 Complete  or  partial  conversion  of  existing 

equipment  to  conventional  coal-fired  systems. 

• Installation  of  centralized  coal-fired  systems. 

9 Use  of  coal/oil  slurries  In  existing  equipment. 

• Replacement  of  oil,  natural  gas,  and  coal  with 
coal-derived  low-Btu  gas. 

• Installation  of  FI uIdIzed-Bed  Combustion  Systems. 

• Replacement  of  oil,  natural  gas,  and  coal  with 
coal-derived  high-Btu  gas. 

• Liquid  fuels. 

Within  each  of  these  alternatives  several  different 
options  may  be  available. 
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Complete  or  Partial  Convereion  of  Existing  Equipment  to 
Conventional  Coal^Fired  Syeteme,  This  alternative  assumes  that 
no  change  In  the  pattern  of  fuel  use  will  be  made  with  respect 
to  size  and  location  of  the  heating  units.  Those  units 
currently  operating  on  oil  or  gas  either  will  be  converted 
to  coal  or  replaced  by  new  coal-fired  systems.  Under  this 
strategy  small  units  of  less  than  0.75  x 10^  Btu/hr  will 
remain  on  o1 1 or  gas . 

Units  rated  at  greater  than  0.75  x 10^  Btu/hr  may  be 
selectively  switched  to  coal.  Conversion  may  be  done  in  one 
Intensive  program,  affecting  all  convertible  units  at  the  same 
time,  or  It  may  be  phased  over  a long  time  span.  Immediate 
alteration  of  all  units  capable  of  being  converted  would 
provide  a near-term  partial  reduction  In  oil  and  gas  consumption. 

Those  units  which  are  not  suitable  for  conversion  will 
require  replacement.  This  effort  will  be  a longer-term  project. 
It  may  be  logically  tied  to  the  expiration  of  the  equipment 
service  life.  However,  costs  of  continued  operation  on  higher- 
priced  fuel  as  opposed  to  the  capital  outlay  to  replace  non- 
depreclated  equipment  must  be  compared. 


Inetallation  of  Centralized  Coal-Fired  Syeteme,  Large 
centralized  systems  may  be  used  to  replace  several  existing 
units.  Expansion  of  central  district  heating  to  Include  areas 
not  presently  served  can  be  used  to  eliminate  Individual 
building  Installations.  Under  this  strategy,  a few  large 
systems  could  replace  numerous  medium-sized  units. 

Small  units  (less  than  0.75  x 10^  Btu/hr)  used  1n  Individual 
dwellings  consume  30  to  60  percent  of  the  personnel  base  fuel 
as  oil  and  gas.  Replacement  of  these  by  a single  large,  or 
several  smaller,  central  coal-fired  district  heating  systems 
will  effect  a major  reduction  In  oil  and  gas  consumption  at 
personnel  Installations.  This  option  discontinues  the  use 
of  all  Individual  oil  and  gas  units  and  requires  a hot  water 
(or  other  heat  transfer  medium)  distribution  system.  By 
Installing  dual  distribution  systems,  cooling  as  well  as 
heating  can  be  accomplished. 
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Uoe  of  Coat/Oil  Slurviea  in  Existing  Equipment.  A limited 
reduction  In  the  amount  of  oil  consumed  can  be  obtained  by 
this  option.  Its  application  to  all  existing  large  units  would 
result  In  limited  fuel  savings.  The  maximum  savings  to  be 
realized  from  this  strategy  will  be  less  than  30  percent  of 
the  original  oil.  Equipment  for  preparing  the  slurry  and 
maintaining  the  coal  In  suspension  will  rule  out  the  use  of 
coal/oll  slurries  In  small  units.  Ash  content  also  will  limit 
Its  use. 


Replacement  of  Oil,  Natural  Cas,  and  Coal  With  Coal- 
Derived  Low-Btu  Gas.  This  strategy  can  be  Implemented  by 
various  tactical  means.  In  one  alternative  the  conversion  to 
low-Btu  gas  can  be  an  end  In  Itself  while  a second  alternative 
would  use  this  as  the  first  phase  In  an  ultimate  conversion  to 
hIgh-Btu  gas  from  coal. 

Converting  only  to  low-Btu  gas  requires  Identification 
of  those  o1 1 - and  coal -f1 red  units  which  can  be  converted. 

In  most  cases  conversion  to  gas  will  be  feasible.  For  gas- 
fired  units,  burner  modifications  will  be  the  only  major 
change.  Oil-fired  units  may  require,  In  addition,  changes  In 
control  systems,  while  conversion  of  coal-fired  boilers  may 
Involve  structural  modifications.  Individual  dwelling  units 
probably  would  not  be  converted  to  low-Btu  gas.  The  gas 
distribution  system  needed  to  supply  previously  non-gas  equip- 
ment must  be  Installed  and  the  necessary  changes  made  to 
existing  mains  which  are  to  be  used.  Segregation  of  existing 
mains  continuing  to  deliver  natural  gas  will  be  necessary  as 
wel  1 . 


The  gasification  plant,  together  with  coal  storage  and 
preparation  facilities,  will  be  located  on  a single  site.  Gas 
processing  will  be  Included.  Railroad  or  truck  access  for  coal 
delivery  and  a main  to  carry  the  gas  to  the  distribution 
system  must  be  Installed. 

This  alternative  provides  a partial  reduction  of  oil  and 
gas  dependency  for  personnel  posts.  On  Industrial  Installations 
it  essentially  eliminates  the  use  of  natural  gas  and  oil. 

The  second  alternative  requires  planning  for  future  con- 
version of  the  low-Btu  gasification  system  to  hIgh-Btu  produc- 
tion. Allowance  can  be  made  In  the  Initial  design  for  the 
later  Increased  capacity  needed  In  those  unit  operations  and 
processes  common  to  both  high-  and  low-Btu  systems.  All  steps 
needed  for  the  low-Btu  alternative  are  required  Initially  In 
this  variation  as  well.  Additional  gasifier  capacity  similarly 
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can  be  built  In  Initially.  Installation  of  units  such  as  an 
oxygen  plant  and  CO-shIft  and  methanatlon  reactors  will  be 
deferred  until  the  later  conversion  to  hIgh-Btu  gas  Is 
Implemented.  However,  the  price  escalation  which  will 
Inevitably  occur  may  favor  Initially  Installing  the  higher 
capacity  equipment  for  coal  preparation,  gas  cleanup,  and 
other  systems  which  will  be  used  both  for  low-  and  hIgh-Btu 
gas. 


When  the  changeover  to  hIgh-Btu  gas  production  Is  made, 
all  units  at  the  Installation  will  be  converted  to  gas-firing. 
Small  natural -gas-fired  heaters  will  need  no  changes,  but  oil 
burners  will  be  modified.  Large  equipment  converted  originally 
to  low-Btu  gas  then  will  be  converted  to  the  hIgh-Btu  fuel. 


Replacement  of  Oil,  Natural  Gaa,  and  Coal  With  Coal- 
Devived  High-Btu  Gae.  One  Strategy  for  Implementing  coal- 
derlved  hIgh-Btu  gasification  systems  has  already  been 
discussed.  That  Is  the  near-term  conversion  to  low-Btu  gas 
followed  by  subsequent  modifications  to  produce  hIgh-Btu  gas. 

As  a long-range  strategy.  hIgh-Btu gasification  systems 
may  be  Installed  In  a single  step.  This  may  be  phased  with 
the  retirement  of  large  obsolete  coal  - or  o1 1 -f 1 red  units  so 
that  gas-fired  replacements  would  be  operated  on  hIgh-Btu 
gas.  Expansion  of  the  distribution  system  may  be  carried 
out  in  advance  to  minimize  later  disruptions  and  cost 
escalation. 

After  gas  is  In  production,  units  not  then  fired  by  gas 
could  be  converted  or  replaced  to  eventually  eliminate  all 
non-coal  fuels. 


Installation  of  Fluidiaed~Bed  Combustion  Systems.  A long- 
range  strategy  consists  of  planning  for  replacement  of  existing 
equipment  with  coal-fired  fluldized-bed  systems.  While  this 
technology  has  not  been  fully  demonstrated.  It  Is  presently 
highly  promising.  The  capacity  of  the  current  demonstration 
module  exceeds  the  requirements  of  most  military  bases. 

However,  there  appears  to  be  no  technical  reason  to  preclude 
scaledown  to  more  suitable  sizes. 


Because  of  the  thermal  efficiency  advantage  and  the 
compatibility  with  application  demands,  f 1 u 1 di zed-bed  combustion 
systems  should  be  evaluated  in  detail.  Suitable  size  re- 
duction evaluation  can  be  obtained  during  the  immediate  future 
so  that  when  the  systems  have  been  fully  demonstrated,  design 
and  fabrication  can  begin.  Replacement  of  existing  units 
then  could  occur. 

Alternative  tactics  at  that  time  could  include  either 
centralized  district  heating  served  by  a single  unit  or 
several  smaller,  decentralized  systems.  The  same  changes  to 
small  individual  dwelling  systems  will  be  necessary  as  with 
conversion  to  conventional  coal-fired  systems. 


Liquid  Fuetti  From  Coal.  While  liquid  fuels  from  coal 
technology  has  been  rejected  as  applicable  to  individual 
Army  installations,  some  future  potential  exists.  The  strategy 
with  respect  to  this  option  would  evaluate  the  concept  of  coal 
liquefaction  plant  combined  with  subsequent  refining  to.  a 
range  of  fuels.  This  complex  could  serve  as  the  fuel  source 
for  all  Army  facilities  in  a given  geographic  area.  Motor 
vehicle  fuels  as  well  as  heating  fuels  would  be  produced. 
Evaluation  of  this  concept  is  not  within  the  scope  of  this 
study. 
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8 CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions.  Several  coal  technologies  exist  which  can 
replace  natural  gas  and  oil  at  Army  Installations.  These  have 
been  described  In  previous  sections  of  this  report  and 
strategies  for  Implementing  them  have  been  presented.  Impacts 
resulting  from  a change  to  coal  have  been  Identified.  Similar 
Information  has  been  assembled  for  technologies  which  are  not 
commercially  available  but  may  become  so  within  a 5-  to  15-year 
time  span. 

Alternative  forms  of  direct  combustion  of  coal  appear  to 
be  a favorable  near-term  strategy.  Economics  and  the  proven 
status  of  direct  combustion  systems  are  two  factors  favoring 
this  technology.  Various  types  of  equipment  are  available  to 
meet  specific  needs.  One  disadvantage  Is  the  need  to  handle 
coal  at  multiple  units,  but  this  can  be  reduced  by  using 
centralized  systems.  Individual  dwellings  would  require 
conversion  to  centralized  systems  to  be  practically  heated  by 
coal. 


Low-  and  medlum-Btu  gas  from  coal  also  warrant  considera- 
tion. Low-  and  medlum-Btu  gas  are.  for  practical  purposes, 
near-term  technologies.  The  advantages  Include  centralizing 
coal -handl Ing  equipment  and  minimizing  the  Impact  upon  units 
presently  burning  natural  gas  and  oil.  Probable  Incompatibility 
with  Individual  dwelling  units  Is  the  major  disadvantage. 

High  capital  and  operating  costs  will  be  Incurred  with  low- 
Btu  gas  and  coal-derived  fuels. 

High-Btu  gas  from  coal  Is  more  widely  applicable  to 
Army  Installations  than  low-Btu  gas  and  does  not  Impact 
equipment  now  using  natural  gas.  Implementation  Is  further 
In  the  future  than  for  low-  and  medlum-Btu  gas.  however,  and 
the  economics  are  less  favorable  than  low-Btu  gas. 

F1 uidized-bed  combustion  systems  appear  highly  promising 
for  near-term  application.  District  centralization  would 
reduce  on-site  coal  distribution.  The  modular  capabilities 
permit  expansion  of  a partial  system  at  Intervals  to  match 
Increased  needs.  No  cost  data  are  available  but  preliminary 
Information  Indicates  significant  capital  reduction. 
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Coal/oil  slurries  do  offer  some  advantages  such  as  minimal 
capital  expenditure,  versatility  of  operations,  and  extension 
of  fuel  oil  supplies.  However,  since  coal  handling,  storage, 
and  preparation  equipment  are  necessary  and  the  probability 
of  future  fuel  oil  shortages  exists,  it  probably  would  be 
best  to  convert  the  unit  to  direct  coal  firing.  Further, 
the  actual  reduction  in  oil  consumption  by  this  method  is 
limited  to  well  under  25-percent. 

Due  to  a wide  variation  in  coal  types,  existing  equipment, 
and  installation  requirements,  it  is  impossible  to  be  specific 
about  convertibility  or  replacement  with  coal-based  technologies. 
Coal  technology  is  extremely  complex.  Requirements  and 
specifications  are  unique  to  the  individual  case  being  studied. 
When  studied  in  detail,  a technology  that  may  be  optimum 
for  one  conversion  or  replacement  could  simply  be  physically, 
technologically,  or  economically  unsuitable  in  another  apparently 
similar  situation.  The  detail  of  this  study  is  necessarily 
general  and  conclusions  about  particular  situations  can  be 
drawn  only  with  extreme  caution. 

Conclusions  based  on  this  study  are  listed  below  and 
apply  specifically  to  Army  bases: 

• Direct  combustion  of  coal  offers  the  highest 
thermal  efficiency  and  resultant  least  fuel 
consumption  of  the  technologies  considered. 

• Conventional  direct  combustion  systems  are 
technically  proven  and  economical. 

0 Fluidized-bed  combustion  of  coal  is  nearing  com- 
mercial application,  offers  several  advantages 
over  conventional  systems,  and  appears  to  be  a 
near-term  (3-5  years)  alternative  to  other  systems. 

0 Conversion  of  existing  oil- and  natural-gas-fired 
units  to  d'rect  coal  firing  is  technically 
feasible  for  only  a few  types  of  units.  This 
cannot  be  generally  applied  and  must  be  considered 
on  a case  by  case  basis. 

• Coal-derived  gas  (low-,  medium-,  and  high-Btu)  is 
economically  less  favorable  than  direct  combustion 
at  the  scale  appropriate  to  Army  installation. 

High-Btu  processes  are  commercially  unproven  at 
this  time.  Low-  and  medium-Btu  processes  have 

more  favorable  economics  but  may  be  less  universally 
applicable  than  high-Btu  processes. 


104 


• Coal/oll  slurries,  as  a substitute  or  supplement 
for  oil,  offer  Insufficient  benefits  to  Justify 
further  consideration. 

0 For  direct  combustion,  district  systems  are  more 
practical  due  to  the  need  for  coal -handl Ing 
equipment. 

• Coal'derived  gas  systems  are  of  necessity  district- 
based.  with  the  gas  being  distributed  to  existing 
combustion  units. 


Recommendations . An  Immediate  effort  to  reduce  oil  and  gas 
dependency  Is  Indicated  by  the  data  presented  on  military  fuel 
consumption.  Specific  actions  can  be  taken  at  present,  and 
preparation  for  alternatives  can  begin.  Recommendations  for 
Immediate  consideration  Include  the  following  strategies: 

• Medium-  and  large-capacity  oil  and  natural-gas-flred 
units  nearing  the  end  of  normal  useful  service 
should  be  replaced  by  conventional  coal-fired 
equipment. 

• Units  which  were  originally  coal-fired  but  had  been 
converted  to  oil  or  gas  should  be  evaluated  on  a 
case  by  case  basis  and  where  feasible,  reconverted 
to  coal . 

• A program  to  facilitate  and  expedite  commercial 
development  of  the  fluldized-bed  combustion  system 
should  be  supported  with  the  objective  of  achieving 
the  Initial  application  of  this  technology  to  Army 
use  within  3 years . 

• District  centralization  of  heating  systems  should 
be  emphasized. 

e Long-term  availability  of  coal  should  be  assured 
by  Initiating  communication  with  the  coal-mining 
Industry,  so  that  projected  Army  coal  consumption 
can  be  matched  by  advanced  planning  for  Industry 
capacity. 
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For  longer-term  planning,  additional  actions  should  be 
taken.  These  are: 

• Re-evaluation  of  coal-derived  gas  should  be  a con- 
tinuing activity,  and  changes  In  the  status  of 
low-,  medium-,  and  h1gh-6tu  processes  should  be 
monitored. 

0 A detailed  site-specific  study,  comparing  alterna- 
tive conversion  strategies.  Including  gasification 
and  direct  combustion,  should  be  undertaken  to 
define  specific  technical  and  economic  parameters. 

0 Re-evaluation  of  coal-derived  liquid  fuels  should 
be  made  for  situations  other  than  single  Installa- 
tion applications. 

The  rate  at  which  technology  for  coal  utilization  Is 
developing  results  In  a constantly  and  rapidly  changing 
scenario.  This  applies  to  both  combustion  and  coal-derived 
synthetic  fuels.  For  this  reason  continuing  awareness  of 
the  status  of  coal  technology  Is  necessary,  and  the  flexibility 
to  adapt  policy  to  changed  conditions  must  be  maintained. 
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APPENDIX  A 


COAL  CONVERSION  TECHNOLOGIES 


Introduction.  Many  processes  exist  or  are  under  development 
for  the  conversion  of  coal  to  synthetic  gaseous,  liquid,  and 
solid  fuels.  The  Impetus  for  this  development  originates 
both  from  the  need  for  alternatives  to  natural  gas  and  oil 
and  from  the  need  for  clean-burning  fuels.  Some  of  the 
technology  Is  sufficiently  advanced  to  be  commercially 
applied,  but  much  1$  still  in  the  research  or  development 
stage.  Fuels  produced  by  these  processes  Include  high-, 
low-,  and  medlum-Btu  gas,  liquid  fuels  of  various  grades,  and 
clean-burning  coal  or  char. 

The  conversion  processes  ha^e  the  advantages  of  producing 
clean,  ash-and  sulfur-free  coal  from  solid,  contaminated 
coal,  and  of  using  plentiful  domestic  coal  In  place  of 
Imported  foreign  fuels  or  dwindling  domestic  gas  and  oil. 
Unfortunately  there  are  some  disadvantages  to  the  conversion 
of  coal  to  other  fuels.  Cost,  both  capital  and  operating, 
thermal  efficiency,  equipment  complexity  and  reliability, 
raw  material  requirements,  and  potential  air,  water,  and 
solid  waste  pollution  all  are  factors  which  may  act  against 
use  of  specific  processes  In  some  applications.  Generally, 
part  of  the  coal  Is  used  to  supply  the  required  process 
heat,  air  or  oxygen  Is  needed,  and  the  hydrogen  needed  to 
liquefy  or  gasify  the  coal  Is  obtained  from  water. 

Descriptive  Information  for  conversion  technologies  has 
been  assembled  from  available  sources  and  Is  presented  In 
Appendices  C through  F.  The  Individual  process  descriptions 
contain  data  reflecting  the  development  program,  characteristics 
of  a commercially  sized  facility,  narrative  process  description, 
and  flow  sheets.  Background  Information  Includes  the  sponsors 
and  developers,  funding,  current  status,  and  restrictions  on 
coal  type.  Following  this  is  a listing  of  technical  dat 
relevant  to  a large-scale  facility.  This  Information  Is 
usually  based  upon  conceptual  design  and  presents  available 
raw  materials  and  product  quantities,  compositions,  and 
characteristics  of  specific  streams  (where  applicable),  and 
Identification  of  major  ancillary  operations.  (Conceptual 
designs  are  plant  designs  prepared  during  research  and  develop- 
ment for  the  purpose  of  evaluating  the  technical  and  economic 
feasibility  of  proposed  process  systems.  The  convention  has 
been  adopted,  by  participants  In  synthetic  fuels  research  and 
development,  to  use  250  MSCF  per  day  and  50,000  Bbl  per  day 
as  standard  sizes  for  hIgh-Btu  gasification  and  liquefaction 
processes.  These  are  approximately  equivalent  In  Btu  content. 
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No  convention  Is  used  for  low-  and  medlum-Btu  processes  because 
the  heating  value  of  the  fuel  gas  varies  between  processes). 

A brief  narrative  process  description  follows,  and  finally  a 
process  flow  sheet  Is  Included. 


Coal  Gasification.  Natural  gas  Is  extensively  used  at  military 
Installations  to  heat  Individual  buildings  and  domestic  water 
and  to  generate  steam  for  large-scale  heating  service.  The 
gas  Is  purchased  from  utilities,  delivered  to  the  Installation 
by  the  utility  pipeline,  and  distributed  to  the  various  points 
of  use  through  a local  pipeline  distribution  system.  Natural 
gas  Is  composed  almost  entirely  of  methane  (CH4)  and  has  a 
nominal  heating  value  of  approximately  1000  Btu  per  standard 
cubic  foot  (SCF).  Small  amounts  of  nitrogen,  carbon  dioxide, 
water,  and  light  hydrocarbons  may  also  be  present  In  natural 
gas . 


Coal  can  be  converted  to  fuel  gas  by  reaction  at  high 
temperatures  with  steam  and  air  or  oxygen.  Depending  upon 
the  pressure,  temperature,  use  of  air  or  oxygen,  coal  rank, 
and  the  reactor  configuration,  the  resulting  gas  will  have 
varying  amounts  of  H2,  CO,  CO2,  CHx,  H2O,  and  N2>  and  the  heating 
value  will  range  from  100  to  500  Btu/SCF.  There  are  two  options 
for  using  the  coal-derived  gas;  It  can  be  burned  directly  as 
low-  or  medlum-Btu  gas,  or  substitute  natural  gas  can  be 
produced  from  It  by  raising  the  heating  value  to  950  Btu/SCF 
or  higher  by  Increasing  the  methane  content.  In  practice  the 
composition  of  synthetic  gas  from  any  process  would  vary  over 
some  range  as  a result  of  the  factors  previously  mentioned. 

The  presence  of  high  levels  of  nitrogen.  Introduced  as  a 
component  of  combustion  air,  makes  the  gas  from  air-fired 
processes  unsuitable  for  upgrading  to  hIgh-Btu  gas  (unless 
the  combustion  reaction  Is  segregated  from  the  gas-producing 
reactions  as  In  CO2  Acceptor,  for  example). 

Some  of  the  processes  for  gasifying  coals  are  commercially 
available  and  operating  In  other  countries.  Others  are  under 
development,  with  some  having  pilot  plants  In  operation. 

The  gaseous  product  from  the  gasifier  has  a higher  hydro- 
gen to  carbon  ratio  than  that  In  the  coal  Itself,  and  to 
achieve  this,  hydrogen  must  be  added.  Hydrogen  Is  supplied 
by  steam,  which  Is  contacted,  along  with  oxygen  or  air, 
with  coal  In  the  gasifier.  Different  methods  of  contacting 
solid  with  gaseous  streams  are  used. 
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There  are  four  types  of  gasifiers;  moving-bed,  fluldlzed- 
bed,  ent ra 1 ned- bed , and  molten-bath.  Reaction  rate  and  the 
conversion  obtained  depend  upon  factors  such  as  coal  charac- 
teristics, reactor  configuration,  operating  temperature  and 
pressure,  and  the  oxidizing  medium.  All  available  commercial 
processes  have  been  used  to  date  to  produce  low-  or  medlum- 
Btu  gas.  However,  addition  of  a methanatlon  step  can  produce 
hIgh-Btu  pipeline  gas.  Except  for  the  Lurgi  gasifier,  which 
operates  at  a pressure  of  20  to  30  atmospheres,  commercial 
gasifiers  operate  at  or  near  atmospheric  pressure.  Higher 
pressures  are  used  In  the  developing  processes.  Gasifier 
operating  temperatures  vary  from  1100  to  3600"F.  It  should  be 
noted  that  higher  pressures  and  lower  temperatures  result  In 
higher  methane  content,  and  lower  pressures  and  higher 
temperatures  result  In  a higher  H2  and  CO  (synthesis  gas) 
content  In  the  product  gas.  Table  A1  shows  commercial 
processes  and  Table  A2  shows  typical  processes  under  develop- 
ment along  with  the  type  of  bed  and  the  developer  of  each 
process.  The  first  four  processes  in  Table  A1  have  are 
commercial  and  addition  of  a methanatlon  step  In  the  Lurgi 
process  can  produce  hIgh-Btu  pipeline  gas. 


datti . Coal  Is  used  as  a source  of  low- 
and  medlum-Btu  gas  In  most  parts  of  the  world.  In  the  United 
States,  natural  gas  displaced  coal-derived  gas  In  the  late 
1940's  when  construction  of  transcontinental  pipelines  began. 

In  many  foreign  countries  gas  Is  still  being  manufactured  from 
coal.  Various  grade  of  gas  for  different  purposes  have  been 
produced  In  the  gas  generators  previously  and  presently  In  use. 

Current  development  efforts  on  low-  and  medlum-Btu  gas 
processes  are  directed  toward:  producing  a fuel  gas  for  high 
temperature  combined  gas-steam  turbine  electric  generators; 
producing  fuel  gas  for  captive  Industrial  use;  and  producing 
synthesis  gas  for  chemical  processing.  If  low-  or  medlum-Btu 
gas  Is  substituted  for  natural  gas,  burner  modifications  will 
be  required  to  allow  for  the  higher  volume  of  fuel  needed  to 
yield  the  same  Btu  content. 

Production  of  low-  and  medlum-Btu  gas.  from  coal  basically 
Involves  reacting  the  coal  with  steam  and  oxygen,  quenching  to 
remove  condensibles  and  soMds,  removing  sulfur  compounds, 
and  finally  either  cooling  prior  to  use  or  using  the  hot  gas 
directly  as  fuel.  Air  may  be  the  oxygen  source.  Depending 
upon  process  conditions  and  equipment,  quenching  and  cooling 
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TABLE  A2.  Developing  Gasification  Processes 
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may  be  optional.  A general  schematic  Is  shown  In  Figure  A1, 

Each  process  (commercially  available  and  under  development)  has 
speciHc  variations  which  affect  the  composition  and  heating 
value  of  the  product,  and  the  applicability  of  the  process  to 
Individual  uses.  Coal  rank  and  preparation  requirements, 
supporting  services  and  utilities,  and  equipment  capacities 
are  also  affected.  Several  low-  and  medlum-Btu  processes  can 
be  used  to  produce  high-Btu  gas  by  using  oxygen  Instead  of 
air  and  Including  additional  operations. 

The  major  processing  steps  required  for  low-Btu  gas 
production  are: 

• Coal  Preparation:  crushing  and/or  grinding, 
drying,  and  size  classification. 

• Gasification:  reaction  of  the  coal  carbon  with 
steam  and  oxygen  to  form  H2,  CO,  CO2,  and  CH^. 

• Quench  and  Clean  Up:  cooling  and  removal  of 
particulates,  oils,  ano  tars. 

• Sulfur  Removal:  removal  of  H2S,  S02>  and  other 
sulfur  compounds  from  the  gasf 

In  addition  to  these  operations,  supporting  services  and  utili- 
ties are  required.  These  Include  steam  generation,  cooling 
water  supplies,  water  and  wastewater  treatment,  solid  waste 
disposal,  and  sulfur  recovery  (conversion  of  H2S  to  sulfur 
for  sale  or  disposal ) . 

Currently  the  commercial  low-  and  medlum-Btu  processes 
of  greatest  Interest  are  Lurgi,  Winkler,  and Koppers-Totzek. 
Descriptions  of  these  and  other  processes  as  Individual 
process  descriptions  are  discussed  In  Appendix  C. 

High-Btu  Gaaifiaation  Proaeeeee.  To  date  no  commercial 
facility  for  producing  high-Btu  gas  has  been  operated  In  the 
United  States.  Test  production  of  high-Btu  gas  has  been 
accomplished  with  American  coals  In  a Lurgi  gasifier  In  Europe, 
and  several  commercial  plants  based  on  Lurgi  technology  are  In 
the  planning  stage  by  American  Industry.  Pilot  operations 
based  on  developing  processes  have  been  successful  In  yielding  an 
acceptable  product,  and  semi-commercial  demonstration  of  one 
of  these  processes  Is  likely  In  the  near  future. 
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Production  of  hIgh-Btu  gas  from  coal  Involves  all  of  the 
operations  needed  for  low-Btu  gas  production  with  the  addition 
of  several  more  steps.  The  final  substitute  natural  gas  Is 
composed  principally  of  methane  and  can  be  Introduced  Into 
existing  pipeline  systems  In  place  of  natural  gas.  Existing 
equipment  can  be  operated  on  substitute  natural  gas  without 
modifications. 

As  with  low-Btu  gas.  production  of  hIgh-Btu  gas  Is 
accomplished  by  reacting  coal  with  steam  and  oxygen,  removing 
particulates  and  condensibles  when  necessary,  and  removing 
sulfur  compounds.  In  addition  to  these  operations.  It  Is  also 
necessary  to  remove  carbon  dioxide,  to  adjust  the  hydrogen  to 
carbon  monoxide  ratio  to  three  to  one,  and  finally  to  convert 
the  hydrogen  and  carbon  monoxide  to  methane.  Figure  A2  is  a 
general  schematic  for  hIgh-Btu  gasification. 

In  producing  hIgh-Btu  gas.  It  Is  desirable  to  maximize 
the  formation  of  methane  In  the  gasifier.  Coincident  with 
this,  the  level  of  CO?  should  be  as  low  as  possible,  while 
still  yielding  sufficient  heat  ( from  combustion  of  part  of 
the  coal)  to  carry  out  the  gasification  reactions.  Most 
processes  use  oxygen  as  the  oxidizer.  This  eliminates  dilution 
of  the  gas  with  nitrogen,  which  precludes  obtaining  a heating 
value  of  950  Btu/SCF.  Two  developmental  processes  (the  CO2 
Acceptor  and  HYGAS)  use  air  Instead  of  oxygen  to  carry  out  the 
combustion  portion  of  the  reaction  In  a reactor  that  Is 
separated  from  the  gasifier  and  which  obtains  heat  transfer 
Indirectly. 

HIgh-Btu  gasification  requires  more  process  steps  than 
low-Btu  gasification,  although  some  are  Identical.  The  steps 
involved  are: 

• Coal  Preparation:  crushing  and/or  grinding,  drying, 
and  size  classification. 

• Gasification:  reaction  of  the  coal  carbon  with 
steam  and  oxygen  to  form  Hg.  CO,  COg,  and  CH^. 

• Particulate  Removal:  most  developmental  systems 
utilize  high  temperature  removal  of  entrained 
sol  Ids . 
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• Quench:  quenching  of  the  gas  is  not  usually  neces- 
sary In  high-Btu  processes  but  steam  may  be  added 
at  this  step. 

t CO-shIft:  catalytic  adjustment  of  the  H^iCO  ratio 
to  3:1  by  the  reaction. 

HgO  + CO ^002  + H2 

t Sulfur  and  CO2  Removal:  stripping  of  C02<  H2S.  and 
other  sulfur  compounds  from  the  gas. 

• Methanatlon:  catalytic  formation  of  methane  from 
H2  and  CO  by  the  reaction. 

3H2  + CO ►CH^  + H2O 

• Cooling  and  Drying:  removal  of  water  formed  during 
methanatlon  to  meet  pipeline  specifications  and 
cooling  to  pipeline  conditions. 

Supporting  services  and  utilities  are  also  necessary.  Steam 
generation,  oxygen  production,  cooling  water  supplies,  water 
and  wastewater  treatment,  solid  waste  disposal,  and  sulfur 
recovery  are  such  services.  High-Btu  gasification  processes 
In  general  require  moderate  to  high  quantities  of  process 
water.  Because  much  of  the  water  Is  used  to  generate  high 
pressure  superheated  steam,  water  treatment  facilities  somewhat 
more  extensive  than  those  used  for  low-Btu  gas  are  needed. 

For  high-Btu  gasification  the  most  promising  commercially 
available  process  Is  based  on  Lurgi  technology.  The  most 
advanced  developmental  processes  are  CO2  Acceptor,  Synthane, 
and  HYGAS.  CO2  Acceptor  has  been  successfully  piloted  using 
lignite,  HYGAS  has  been  tested  on  several  coals,  and  the 
Synthane  pilot  plant  Is  operational.  Appendix  D presents 
descriptions  of  these  and  other  high-Btu  processes. 


Coal  Liquefaction.  The  objective  of  converting  coal  to  liquid 
fuels  Is  three-fold:  production  of  non-polluting  utility  fuels, 
production  of  synthetic  crude  for  refining  to  distillate  fuels, 
and/or  production  of  petrochemical  feed-stocks.  Major  efforts 
In  the  United  States  currently  are  directed  toward  developing 
processes  for  the  production  of  utility  fuels.  The  two  routes 
applied  for  developing  these  processes  are:  (1)  pyrolysis  and 
hydrocarbonization,  and  (2)  catalytic  and  non-catalytic  hydro- 
genation. Using  these  technologies,  the  weight  ratio  of  hydro- 
gen to  carbon  In  coal  Is  Increased  from  1:(12-18)  to  1:(5-10) 

In  the  liquid  fuels.  Table  A 3 lists  seven  developing  processes 
of  major  Importance. 
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TABLE  A3.  Coal  Liouefaction  Processes 


Processes  Developer 

Pyrolysis 

COED  FMC  Corp. 


COALCON 

Catalytic  Hydrogenation 

Consol  Synthetic  Fuel 
(CSF) 

H-Coal 

Syntholl 

Noncatalytic 

Hydrogenation 

Solvent  Refined  Coal 
(SRC) 

Exxon  Donor  Solvent 


Union  Carbide  Corp. 


Consolidation  Coal  Co. 


Hydrocarbon  Research.  Inc. 


Pittsburgh  Energy  Research 
Center,  ERDA 


The  Pittsburgh  and  Midway 
Coal  Mining  Co. 

Exxon  Research  and 
Engineering  Co. 


Comments 


Multistage  pyrolysis  In  fluidized 
bed  reactors.  Heat  transfer  by 
countercurrent  flow  of  coal  and 
gases  produced  from  char. 

Hydrocarbonization  process.  Heat 
transfer  by  circulating  hot  coal- 
ash  agglomerates. 


Dissolution  of  coal  with  hydrogen- 
donor  solvent  followed  by  extraction 
In  a stirred  vessel  and  catalytic 
hydrogenation  of  low  ash  coal  extract 

Slurry  preparation  with  coal  de- 
rived oil  followed  by  hydrogenation 
In  an  ebu11at1ng-bcd  reactor. 

Slurry  of  coal  prepared  with  coal 
derived  oil.  Catalytic  hydrogen- 
ation In  a fixed-bed  reactor. 


Slurry  preparation  with  coal  de- 
rived solvent  followed  by  dis- 
solution and  hydrogenation  with  H^. 

Hydrogenation  with  hydrogen-donor 
solvent  which  Is  prepared  on  a 
fixed-bed  catalytic  reactor. 


N.B.  Fischer-Tropsch  Synthesis  (catalytic  conversion  of  C0iH2)  Is  also  a 

process  used  for  liquefaction  of  coal.  It  Is  the  only  commercial  process 
available  In  the  world.  It  has  not  been  used  In  the  U.S.  This  process 
requires,  as  a first  step,  that  the  coal  be  gasified. 
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Pyi'olyaia  and  Ilydfooavhonination.  Pyrolysis  of  coal 
Involves  heating  the  coal  in  the  absence  of  direct  hydrogen 
contact  to  about  800‘’F  and  higher  to  drive  off  the  volatile 
materials  and  naturally  occurring  oils.  Partial  combustion 
of  a portion  of  the  coal  is  usually  the  source  of  heat  in 
pyrolysis  processes.  By-products  obtained  are  gases  (with 
a higher  H/C  ratio  than  the  feed  coal)  and  char,  both  of 
which  are  recovered  for  further  use  in  the  process.  The  oil 
is  hydrotreated  to  remove  sulfur,  nitrogen,  and  oxygen,  and 
to  produce  a higher-quality  product.  Hydrogen,  for  hydro- 
treating, is  obtained  by  reacting  the  by-product  char  with 
steam  and  oxygen.  The  quantity  of  liquid  product  depends 
on  the  coal  rank,  the  mechanisms  of  heating,  and  the  operating 
pressure  and  temperature.  At  lower  temperatures  more  char 
and  smaller  amounts  of  gases  and  liquids  are  obtained.  At 
higher  temperatures  the  liquid  decomposes  to  gaseous  products. 
The  liquid  yield  can  be  increased  by  minimizing  the  exposure 
time  to  elevated  temperatures.  At  increasing  pressures  less 
liquid  product  is  obtained  with  higher  quantities  of  char 
and  gas  resulting.  At  pressures  above  25  atmospheres, 
product  distribution  no  longer  is  changed  by  pressure. 

Hydrocarbonization  differs  from  pyrolysis  by  using  high- 
temperature  hydrogen-rich  gas  for  devolatilization.  In 
addition  to  the  effect  of  heat,  in  the  presence  of  hydrogen 
at  high  temperatures,  coal  components  are  hydrogenated.  A 
greater  proportion  of  more  hydrogenated  hydrocarbons  is 
produced  than  by  pyrolysis.  Hydrogen  is  prepared  by  reaction 
of  the  char  with  oxygen  and  steam.  Generally  the  pyrolysis 
and  hydrocarbonization  processes  are  similar  except  for  the 
product  yield.  Pyrolysis  products  usually  require  further 
hydrogenation,  while  products  from  hydrocarbonization  may  not. 
A schematic  flow  diagram  for  typical  pyrolysis  of  coal  is 
shown  in  Figure  A 3. 

The  main  process  sequence  consists  of  eight  operations. 
These  are: 

• Coal  Preparation:  crushing,  grinding,  and  drying. 

• Pyrolysis:  devolatilization  using  hot  flue  gas 
or  gases  generated  in-situ  by  the  reaction  of 
steam  and  air  or  oxygen  with  coal. 

• Quench:  cooling  to  condense  liquid  hydrocarbons. 
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Figure  A3.  Basic  Features  of  Pyrolysis  Processes 


• Phase  Separation:  separation  of  crude  oil  from 
gases,  water,  and  solids. 

e Hydrogen  Production:  generation  of  hydrogen  from 
char,  steam,  and  air  or  oxygen. 

t Liquid  Product  Hydrotreating:  Hydrogenation  of 

the  crude  to  upgrade  the  hydrocarbon  content  and  to 
remove  sulfur,  nitrogen,  and  oxygen. 

• Fractionation:  distillation  Into  product  and  by- 
product fractions. 

• Product  and  By-Product  Storage  and  Use:  utilization 
of  the  main  fuel  product  and  disposition  of  by- 
products. 

Electrical  power,  steam,  air  or  oxygen,  water  and  cooling  water 
are  required  as  utilities.  Supporting  operations  Include 
wastewater  and  solid  waste  disposal  and  by-product  recovery. 

Hydrocarbonization  processes  differ  from  the  flow  sheet 
shown  for  pyrolysis  by  Introducing  part  of  the  hydrogen  Into 
the  pyrolysis  reactor  In  place  of  steam,  oxygen,  or  air.  In 
addition,  less  hydrogen  Is  needed  for  hydrotreating  because 
the  crude  product  Is  more  highly  hydrogenated.  Aside  from 
these  differences,  the  operations  In  the  two  technologies  are 
quite  similar. 

At  this  time  the  two  processes  based  on  pyrolysis  and 
hydrocarbonization  of  maximum  importance  are  COED  and  Coalcon, 
respectively.  The  COED  pilot  program  has  been  completed  and 
the  pilot  plant  has  been  dismantled.  During  1973  a Navy 
destroyer  was  successfully  operated  for  a shor‘  (several 
hours)  run  on  fuel  produced  from  COED  crude.  There  are  no 
current  plans  for  Implementation  of  COED  technology,  but 
future  development  may  make  the  process  economically  com- 
petitive. A demonstration  plant  for  the  Coalcon  process  was 
planned  for  New  Athens,  Illinois.  This  project  Is  Jointly 
funded  by  ERDA,  Industry,  and  the  State  of  Illinois.  Coalcon 
Is  a hydrocarbonization  process  based  on  existing  technology 
and  equipment.  While  the  major  product  Is  liquid  fuel,  gas 
and  fuel-grade  char  also  will  be  procuced.  Due  to  excessive 
cost  Increases  Coilcon  probably  will  be  terminated  by  the 
end  of  1977. 

Process  descriptions  of  the  pyrolysis  and  hydrocarboni- 
zation technologies  are  Included  In  Appendix  E. 
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Ca  tiiltjt  io  and  Non-ffatali/ti(y  Hydroijcnatiou.  In  contrast 
to  pyrolysis  and  hydrocarbonization,  hydrogenation  of  coal 
Involves  heating  coal  at  elevated  pressure  and  temperature 
with  direct  hydrogen  contact.  The  properties  of  the  liquids 
obtained  depend  upon  the  amount  of  hydrogen  added.  Liquids 
of  lower  boiling  range  are  obtained  when  larger  quantities 
of  hydrogen  are  reacted.  Catalytic  and  non-catalytlc  hydro- 
genation result  In  different  end  products,  the  former  pro- 
ducing more  liquid  than  the  latter.  If  the  hydrogen  Is 
reduced,  a solid  product  (at  ambient  conditions)  may  be 
formed.  Larger  quantities  of  hydrogen  yield  a liquid  product 
at  ambient  conditions. 

Hydrogenation  of  coal  Is  carried  out  In  a coal-oil  slurry 
phase.  Coal  Is  ground  to  the  required  size,  dried,  andmixed 
with  an  aromatic  solvent,  usually  produced  In  the  process 
Itself.  The  coal  slurry  Is  heated  to  to  SSO^F  and 

hydrogenated  In  a reactor  at  pressures  of  200  to  4500  psig. 

At  higher  temperatures  thermal  cracking  exceeds  hydrogen 
transfer  and  results  In  coke  formation  and  gas  production. 
Catalytic  hydrogenation  allows  higher  temperatures,  up  to 
OSO^F,  without  coke  formation.  The  conventional  catalysts 
used  are  cobalt  and  ammonium  molybdate,  nickel  chloride, 
ferrous  chloride,  and  similar  materials. 

Catalytic  and  non-catalytlc  hydrogenation  processes  basi- 
cally use  the  same  processing  operations.  Generally,  differ- 
ences are  In  conditions  at  which  coal  Is  liquefied.  A general- 
ized block  flow  sheet  for  typical  hydrogenation  process  Is 
shown  In  Figure  A4.  The  main  process  stream  Includes  operations 
as  follows: 

a Coal  Preparation:  crushing  and  drying. 

e Slurrying  and  Preheating:  mixing  coal  with  recycled 
solvent.  Introducing  hydrogen  to  the  mix,  and  bringing 
the  slurry  to  the  necessary  temperature  and  pressure. 

• Liquefaction:  either  catalytic  or  non-catalytlc 
reaction  of  hydrogen  with  coal  components  to  produce 
liquid  hydrocarbons. 

• Phase  Separation:  removal  of  undlssolved  coal  and 
mineral  matter,  and  separation  of  liquid  and  vapor 
fractions.* 
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• Hydrogen  Production:  preparation  of  hydrogen  for 
process  use  from  undlssoivcd  carbon  residue. 

• Hydrotreating:  further  hydrogenation  for  non* 
catalytic  processes  to  remove  sulfur,  nitrogen, 
and  oxygen,  and  to  upgrade  the  crude  fuel. 

• Fractionation:  separation  of  the  fuel  components, 
recycle  solvent,  and  by-products. 

Utlltles  (steam,  air,  cooling,  water,  electrical  power)  are 
required  as  well  as  wastewater  treatment,  solid  waste  disposal, 
and  by-product  storage  and  disposal. 

Solvent  refined  coal  Is  the  most  advanced  liquefaction 
process.  Two  pilot  plants  are  In  operation.  One,  a 6 TPD 
plant.  Is  located  at  Wllsonville,  Alabama  and  the  other,  having  a 
50  TPO  capacity,  Is  at  Fort  Lewis,  Washington.  H-Coal  and 
the  Donor  Solvent  Process  are  second  In  Importance  with  pilot 
operations  planned  or  beginning.  Appendix  F presents  descrip- 
tions of  hydrogenation  processes  for  liquefaction  of  coal. 
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APPENDIX  B 


SELECTION  OF  COAL  TECHNOLOGIES 


Rationale  and  Criteria  for  Selection  of  Technologies  For 
Further  Consideration.  Obviously  a11  of  the  technologies 
described  in  this  report  are  not  practical  and  applicable  to 
Army  bases.  A limited  number  of  suitable  processes  must  be 
selected  from  those  described.  This  selection  should  not  be 
optimized  to  obtain  a single  process  or  even  one  process  from 
each  technology,  but  rather  to  identify  within  the  technologies 
processes  which  appear  applicable  and  to  eliminate  unqualified 
technologies  or  processes. 

Direct  combustion  of  coal,  conversion  of  coal  to  gas,  and 
conversion  of  coal  to  liquids  must  be  considered  individually 
with  respect  to  the  capability  to  fulfill  specific  requirements. 
Similarly,  commercially  available  and  developmental  processes 
within  each  technology  must  be  considered  separately.  The 
approach  taken  has  been  to  evaluate  first  the  technical  factors 
relevant  to  Implementing  a given  process.  After  one  or  more 
processes  have  been  identified  as  technically  acceptable, 
economic  factors  then  have  been  used  to  identify  and  eliminate 
economically  Impractical  processes. 

Specific  technical  criteria  considered  in  the  selection 
Include  process  design  factors,  operability,  capacity, 
natural  resource  requirements,  and  environmental  factors. 
Economic  considerations  included  manpower,  retrofitting, 
transportation,  and  by-product  recovery  costs.  Table  B1 
identifies  these  criteria. 


Direct  Combustion  Technologies.  Every  direct  combustion  coal 
technology  previously  discussed  conceivably  could  be  applied 
at  Army  bases.  Advantages  and  disadvantages  of  each  system 
are  shown  in  Table  B2.  The  only  advanced  developmental 
technology  for  direct  combustion  is  the  fluidized-bed  system. 

After  evaluation  of  the  different  stoker  technologies, 
all  stoker  systems  could  be  applied  to  Army  facilities.  Each 
system  is  efficient  and  reliable,  adaptable  to  burning 
most  types  of  coals,  and  compatible  with  required  load  demands 
and  variations.  Environmental  problems,  stack  gas  emissions,  or 
ash  disposal  are  manageable. 
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Technical  Criteria 
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By-Product  Values  Need  to  dispose  of  or  ability  to 

profitability  narket  by-products 

Transportation  Existing  nearby  transportation  facilities 


TABLE  B2.  Summary  of  Factors  in  Direct  Combustion  Application 
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Pulverized  coal  combustion  could  also  be  effective  at 
military  Installations.  Despite  the  fact  that  coal  pulveriza- 
tion equipment  Is  necessary,  energy  efficiency,  size  compati- 
bility, and  turndown  capability  through  use  of  multiple  units 
make  pul ver  1 zed-coa 1 - burni ng  attractive.  As  with  stokers, 
through  proper  preparation  and  control,  environmental  Impact 
should  be  minimal . 

FI uidl zed-bed  combustion  (FBC)  demonstration  plants 
currently  are  being  funded  by  ERDA.  This  technology  promises 
to  be  an  effective,  efficient,  economical,  and  envl ronmental  ly 
sound  method  of  burning  coal.  Variations  In  load  demand  and 
sizing  also  are  easily  met.  A significant  additional  advantage 
of  FBC  Is  the  elimination  of  the  necessity  for  coal  desulfuri- 
zation and/or  sulfur  dioxide  stack  gas  cleaning. 


Coal  Gasification  Technologies 


Commevaial  ProceBaea , All  commercially  available  gasifi- 
cation processes  yield  low-  and  medlum-Btu  gas.  There  are  no 
proven  commercial  hIgh-Btu  systems  In  operation,  although 
hIgh-Btu  gas  has  been  produced  experimentally  during  tests  at 
Westfield,  Scotland.  Plans  to  use  the  oxygen-fired  Lurgi 
system  for  producing  substitute  natural  gas  are  being  Imple- 
mented but  no  plants  have  yet  been  constructed.  Any  Immediate 
effort  to  convert  coal  to  gas  will  of  necessity  be  based  on 
one  or  more  of  the  low-Btu  processes. 

Tables  B3,  B4,  and  B5  summarize  the  characteristics  which 
will  have  greatest  Influence  on  military  applications  of  the 
four  most  advanced  commercial  low-Btu  processes.  On  the  basis 
of  these  summary  tables  the  two  most  promising  processes  for 
near-term  Army  use  are  Lurgi  and  Koppers-Totzek . 

For  low-Btu  production,  Koppers-Totzek  based  systems  have 
the  advantages  of  accepting  any  type  of  coal,  operating  at 
sufficiently  high  temperatures  to  minimize  formation  of  oils 
and  tar,  and  not  requiring  high-pressure  operation.  The  need 
for  an  oxygen  plant  to  supply  the  gasifier  with  oxygen  Is  a 
disadvantage.  Lurgi  has  the  advantages  of  being  able  to 
produce  low-Btu  gas  using  either  air  or  oxygen  as  the  oxidizing 
medium  and  of  having  a high  thermal  efficiency.  Its  prime 
disadvantage  Is  the  lower  temperature  operations  leading  to 
formation  of  oils,  tars,  and  phenols  which  must  be  separated 
from  the  raw  gas  and  then  disposed  of.  (Lurgi  gasification 
appears  to  have  lower  capital  costs  than  Koppers-Totzek.) 
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TABLE  B3.  Product  Factors  Affecting  the  Low-Btu  Gas  Applicability 
to  Army  Bases 
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(3)  Natural  Gas.  1000  Btu/scf. 


TABLE  84.  Equipment  Factors  Affecting  Applicability 
of  Low-Btu  Gas  to  Army  Use 


TABLE  B5.  Product.  Bv-Product.  and  Waste  Factors 
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LUivo  lopimi  I’l'ot-'eaitce . While  there  are  several  low-Btu  and 
medlum-Gtu  processes  under  development,  the  objectives  of  this 
technology  are  combined  high-temperature  gas  and  steam  turbine 
electric  power  generation.  The  scale  of  these  units  Is  not 
compatible  with  Army  needs.  Developmental  low-  and  medlum-Btu 
processes  are  not  considered  to  be  of  Interest  for  military 
appi Icatlons . 

All  hIgh-Btu  processes  must  be  considered  developmental. 
Tables  B6,  B7,  and  B8  summarize  the  relevant  characteristics 
of  the  most  promising  and  most  advanced  of  these.  Oxygen- 
fired  Lurgi  Is  the  only  fixed-bed  system,  and  HYGAS  and  COp 
Acceptor  are  processes  not  requiring  oxygen. 

The  latter  two  processes  suffer  the  disadvantage  of 
extremely  complex  solids  transfer  In  a hi gh- temperature 
environment.  High  concentrations  of  methane  are  produced  In 
the  gasifier.  Problems  of  scaledown  to  requisite  size  from 
commercial  scale  are  probable.  Pilot  plant  sizes,  however, 
could  conceivably  be  scaled  up,  or  pilot-sized  units  replicated, 
to  produce  gas  In  quantities  required  by  Army  facilities, 
although  costs  may  be  prohibitive. 

All  hIgh-Btu  processes  require  steam  (the  source  of 
hydrogen),  carbon  dioxide  and  hydrogen  sulfide  removal,  and 
methanatlon.  For  military  uses,  production  of  hIgh-Btu  gas 
may  require  excessive  sophistication  when  compared  to  other 
available  options. 

Among  the  processes  shown  In  Tables  B6,  B7,  and  B8,  Lurgi 
Is  closest  to  commercialization  for  production  of  hIgh-Btu  gas. 
It  Is  also  the  least  "high  technology"  system,  but  requires 
(as  does  the  low-Btu  version)  fairly  extensive  waste  control. 
Shift,  gas  cleanup,  and  methanatlon  all  are  necessary  pro- 
cessing steps  to  upgrade  the  raw  gas  to  a hIgh-Btu  product. 

Synthane,  BIGAS,  HYGAS,  and  CO2  Acceptor  are  considered 
second-generation  technologies.  Oxygen  Is  required  by  Synthane 
and  BIGAS  and  hydrogen  Is  obtained  from  steam  by  the  CO  shift 
reaction.  Hydrogen  must  be  supplied  separately  to  HYGAS,  while 
sufficient  hydrogen  can  be  generated  In  the  CO2  Acceptor  reactor 
to  avoid  this.  All  four  require  methanatlon  but  the  highest 
concentration  of  methane,  and  therefore  the  least  additional 
methanatlon  reaction.  Is  obtained  with  HYGAS.  BIGAS  and  CO. 
Acceptor  are  the  "cleanest"  of  the  processes. 
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TABLE  B6.  Product  and  Process  Factors  Affecting  Applicability  of 
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TABLE  B7.  Equipment  Factors  Affecting  Applicability  of 
Hlqh-Btu  Gas  To  Army  Use  (continued) 
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TABLE  B7.  (continued)  Equipment  Factors  Affecting  Applicability  cf 

Hioh-Btu  Gas  to  Army  Use. 
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The  process  most  likely  to  be  compatible  to  Army  utiliza- 
tion for  the  near  (but  not  immediate)  future,  is  Lurgi . For 
consideration  at  a later  time,  CO2  Acceptor  and  HYGAS,  the  two 
most  advanced  second-generation  processes,  may  be  considered 
but  with  reservations  due  to  equipment  complexity. 


Coal  Liquefaction  Technologies.  There  are  at  present  no 
coMimercial  coal  liquefaction  processes  in  the  United  States. 

All  processes  in  this  technology  are  under  development  and 
will  not  become  commercial  in  the  near  future. 

These  developing  liquefaction  processes  are  characterized 
by  complex  unit  operations  and  unit  processes.  New  technology 
is  required  in  the  initial  breakdown  of  coal  into  liquid 
components.  Subsequent  processing  steps  resemble  oil  refining 
operations  and  the  nature  of  the  processing  equipment  and  the 
technology  dictates  that  large-scale  facilities  will  be  necessary 
to  economically  produce  liquid  fuels  from  coal.  In  general,  a 
minimum  economic  capacity  is  nominally  50,000  barrels  per  day 
of  product  produced  from  18,000  to  25,000  TPD  of  coal.  This  is 
far  in  excess  of  the  consumption  of  any  individual  Army  facility. 
Even  the  major  energy-consuming  bases  use  only  one-twentieth  to 
one  fortieth  the  Btu  equivalent  of  this  amount  of  oil. 

On  the  basis  of  size,  none  of  the  coal  liquefaction 
technologies  under  development  can  be  selected  for  further 
study  due  to  the  large  capacities  required  for  economic  operation. 
Additional  factors  in  eliminating  these  processes  are  the 
production  and  disposal  ofmultiple  by-products  and  the  complexity 
of  the  technology.  For  practical  purposes,  a small  petrochemicals 
plant  would  be  operated  W the  processes  were  to  be  scaled  down 
to  requisite  size.  Except  for  the  capacity  restriction.  Solvent 
Refined  Coal  (SRC),  H-coal,  and  Coalcon  processes  would  be 
the  most  promising  liquefaction  processes.  It  is  possible  that 
future  developments  may  result  in  1 iquefaction  processes 
compatible  with  Army  faci 1 i t i es'  f uel  needs  in  terms  of  capacity. 

At  this  time,  however,  no  such  processes  have  been  identified. 

One  alternative  to  on-site  production  of  liquid  fuel  from 
coal  is  the  operation  of  a regional  facility.  A full-scale 
plant  could  be  located  to  serve  a number  of  military  facilities. 
The  plant  location  could  be  chosen  to  minimize  transport  of 
coal  and  product.  Product  fuel  would  be  delivered  to  the 
facilities  served  by  the  plant  in  tank  trucks  or  by  rail. 

Regional  facilities,  however,  are  not  within  the  scope  of  this 
effort . 
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APPENDIX  C 

LOW-  AND  MEDIUM-BTU  GASIFICATION  PROCESSES 

Descriptions  of  the  major  low-Btu  gasification  processes 
fol 1 ow. 
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COAL  GASIFICATION 


BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Contract  Value: 
Status : 

Compatible  Coal 

CONCEPTUAL  DESIGN 


LURGI  PROCESS 
Low-Btu  Gas 


Proposed  Demonstration  Plant 
sponsored  by  ERDA 

Lurgi  Mlneraloltechnik 
g .m. b . h . 

Commonwealth  Edison  Co./ 

Electric  Power  Research 
Institute  (EPRI) 

ERDA  • $62.2  million 
Others  - $42.7  million 

600  tons/day  demonstration 
plant  scheduled  for  operation  In 
June  1978.  Plant  design  and 
construction  will  be  done  by 
Fluor  Engineers.  American 
Lurgi  will  furnish  the 
gasifier.  Plant  site  Located 
at  Pekin,  Illinois. 

Type:  Non-caking  coals. 


Plant  producing  307  MSCFD 
low-Btu  gas. 
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Output  from  Gasifier  Reactor: 

Product  pas 
Heating  .value 
Acid  gas 

By-product 

Ash 

Tar 

Gas  liquor 
Analysis  of  Char,  wtX  Dry 
Not  specified 
Heating  value: 

Other  Information 
Type  of  acid  gas  removal: 

Type  of  sulfur  recovery: 
Thermal  efficiency: 


307.2  NSCFD 
230  Btu/SCF 
40.3  MSCFD 

Ib/hr 

80.224 
21.846 
231 .165 


Not  specified 


Hot  carbonate  (Benfleld) 
Stretford 

80  to  85%  (gasifier  only) 


I 
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Process  Description 


Coal  can  be  converted  to  a low-Btu  gaseous  product  In  the 
Lurgi  gasifier  (see  Figures  Cl  and  C2)  by  reaction  with  steam  and 
air  at  about  250-300  psi.  The  gasifier  Is  a moving-bed-type 
reactor  with  sized  coal  entering  the  top  through  a distributor 
and  a mixture  of  steam  and  air  entering  the  bottom  through 
a rotary-grate.  The  coal  Is  fed  through  a lock  hopper 
system.  The  gasifier  consists  of  a double-walled  pressure 
vessel:  the  double  wall  forms  a water  jacket  whidh  protects 
the  outer  pressure  wall  from  high-reaction  temperatures. 

As  the  coal  charge  travels  downward,  the  coal  Is  dried, 
devolatized  and  gasified.  Resulting  ash  Is  removed  by  the 
rotating  grate  through  a lock  hopper  system.  The  maximum 
temperature  Is  reached  In  the  combustion  or  oxidation  zone, 
where  the  highly  exothermic  oxidation  reactions  provide  the 
necessary  heat  and  temperature  for  the  endothermic  reactions 
and  vaporizations  which  occur  In  the  upper  portions  of  the 
reactor.  Ash  leaving  the  combustion  zone  Is  cooled  by 
Incoming  steam  and  air  before  being  discharged.  The  crude 
gas  Is  washed  and  cooled  by  generating  low-pressure  steam 
followed  by  air  and  water  quench  cooling.  The  gas  Is  then 
purified  by  passing  It  through  the  hot  carbonate  acid  gas- 
removal  unit.  The  Stretford  unit  Is  used  for  sulfur  recovery. 

Although  this  proven  process  has  been  used  commercially 
since  1936,  It  does  have  certain  operating  limitations. 

It  Is  restricted  to  noncaking  coals;  hence  only  lignite, 
subbi tumlnous  coals,  and  noncaking  and  weakly  caking  bit- 
uminous coals  can  be  used  directly.  Pretreatment  Is 
necessary  for  caking  coals.  The  size  of  coal  fed  must  be 
closely  regulated,  with  all  fines  eliminated.  Several 
gasifier  units  must  be  operated  In  parallel  for  commercial 
production,  due  to  size  limitations.  The  maximum  size  of 
the  Lurgi  Is  about  12  feet  In  diameter.  Operational  problems 
are  mechanical  wear  of  moving  parts. 
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Figure  Cl.  Lurgi  Low-Btu  Gasifier 
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Figure  C2.  Lurgi  Low-Btu  Process  Flow  Sheet 


COAL  GASIFICATION 


KOPPERS-TOTZEK  PROCESS 
LOM-Btu  Gas 


BACKGROUND 

Developtr:  Kopptrs  Company 

Status:  Commercial  plants  In  existence 

around  the  world 


Compatible  Coal 

Types:  Bituminous  and  Subbitumlnous 


CONCEPTUAL  DESIGN  Plant  produces  290  MSCFD  of  medium  - 

Btu  Gas 

Coal  Preparation  Operation: 

Coal  Type:  Navajo  Subbitumlnous 


Coal  Analyses: 


Proximate. 

wt  X 

Fixed  Carbon 

35.0 

Volatiles 

31 .2 

Ash 

17.3 

Moisture 

16.5 

Heating  Value,  Btu/lb: 

Size  of  Coal  Feed: 
Pretreatment 

Feed  System: 


Ultimate  (MAF).  wt  X 

C 76.72 

H 5.71 

N 1.37 

S 0.95 

0 15.21 

Other  0.04 

8830  (NAF) 

7300  (As  Received) 


Drying  and  grinding,  lOX  (less 
than  200  mesh) 

Screw  feed  mixed  with  steam 
and  oxygen 


i 

4 
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Gasifier  Description  and  Operating  Conditloni 

Type:  Entrained  slagging 

Oxidant  Supplied:  Oxygen 

Temperature:  2700*F 

Pressure:  IS  psig 

Input  to  Gasifier: 

Coal:  479.300  Ib/hr  (2%  moisture) 

Steam:  64,700  Ib/hr 

Oxygen:  326.000  Ib/hr 

Output  from  Gasifier: 

Raw,  dry  gas  from  gasifier  and  quench: 


Ash  111,500  Ib/hr 

Tar  & Oil  Negligible 

Phenols  Negligible 

NH3  Negligible 

Hydrocarbon 
liquids  Negligible 


Pressure  of  Product  Gas: 


290  MSCFD 
303  Btu/SCF 

166  psia  (after  compression) 


! 


14S 


Gas  Analysis  (Volume  1): 


CH, 

0.1 

"2 

32.6 

Nj 

1.2 

CO2 

5.2 

CO 

60.9 

HjS^COS 

0.03 

Other  Information; 

Net  Process  Water  Consumption: 
Type  of  Acid  Gas  Removal: 
Sulfur  Recovery: 


0.4  MGD 

Methyl  diethanolamine 


Type:  Claus 

Total  Produced:  3,330  Ib/hr 


Thermal  Efficiency:  53. Ot  to  69. OS 
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Process  Description 


Coal  Is  pretreated  by  drying  and  then  pulverized  to  about  70  per- 
cent through  200  mesh.  The  drying  medium,  which  Is  either 
hot  flue  gas  or  Koppers-Totzek  gas  burned  with  air.  Is 
circulated  through  the  mill.  The  resulting  coal  dust  Is 
conveyed  continously  by  fluidization  to  service  bins  above 
the  gasifier.  From  each  bln,  coal  passes  to  a feed  bln  from 
which  the  coal  Is  screw  fed  to  the  mixing  head.  At  the 
mixing  head  a combination  of  steam  and  oxygen  entrain  the 
coal  particles  and  transport  the  dust  at  velocities  greater 
than  the  speed  of  flame  propagation.  Low-pressure  steam 
produced  In  the  gasifier  jacket  Is  used  as  the  process  steam 
In  the  gasifier. 

Carbon  Is  oxidized  by  the  steam  and  air  entering  the  gasifier 
and  hydrogen  Is  produced.  The  high  temperature  of  operation 
causes  slagging  of  the  ash.  Over  half  the  slag  flows  down 
the  gasifier  walls  Into  quench  tanks.  The  remainder  of 
the  ash  leaves  the  gasifier  as  a fine  fly  ash  entrained  In 
the  exit  gas.  Water  sprays  remove  the  heavy  particles 
and  cool  the  gas.  Final  gas  cleaning  Is  accomplished  by 
two  Thesen  disintegrators  arranged  In  series.  After  com- 
pression the  gas  Is  scrubbed  with  amine  to  remove  H»S 
for  sulfur  recovery  (see  Figure  C3).  ‘ 
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COAL  GASIFICATION 


WINKLER  PROCESS 
Hedlun-Btu  Gas 


BACKGROUND 


Oeveloptr: 

Status: 


Davy  Powergas.  Inc. 

The  process  hat  been  In 
successful  commercial 
operation  at  16  plants  In 
a number  of  countries* 
using  a total  of  36  generators. 
Some  plants  are  still  operating, 
with  the  largest  having  output  of 
26.4  NSCFD.  The  last 
Installation  was  In  1960. 


CONCEPTUAL  DESIGN 

Coal  Preparation 

Coal  Type: 

Coal  Analyses: 

Proximate,  wtt 

Fixed  Carbon  N.R. 

Volatile  Natter  N.R. 

Ash  14.5 

Moisture  13.3 

Heating  Value.  Btu/lb: 
Preparation: 

Feed  System: 


Plant  producing  886  NSCFD 
ned1um>Btu  gas. 


Lignite 


Ultimate  (NAF).  wtt 


Carbon  71.2 
Hydrogen  5.4 
Nitrogen  0.8 
Oxygen  18.3 


9320  (NAF) 

7970  (As  received) 

Coal  Is  dried  and  ground 
to  minus  1/4  In.  Pre- 
treatment necessary  for 
caking  coals. 

Variable  speed  screw 
feeder. 
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Gasification  Reactor  Description  and  Operating  Conditions 

Typo:  Fluidized  Bed 

Temperature:  1700“F 

Pressure:  30  psia 

Input  to  Gasifier  Reactor: 


Ib/hr 


CHa 

H2 

cSa 

CO 

H2S+COS 


2.0 

42.7 

1.2 

15.1 

38.9 

0.08 


Lignite  1 

.675,000  (8. 

,7X  mol 

Steam 

820,800 

Oxygen 

961,300 

Gasifier  Reactor: 

Raw  Dry  Gas 

Ib/hr 

V0I* 

CO 

1 ,094,800 

35.2 

H2 

85,700 

38.6 

C02 

1,066,500 

21.8 

CHa 

32,000 

1 .8 

Hzl 

51 ,250 

0.4 

COS 

10,000 

0.2 

N2 

34,000 

1.1 

By-Products 

Ib/hr 

Char 

372,500 

Tar  and  Oil 

Phenol s 

NH3 

gher  Hydrocarbons 

Net  Ory  Product  Gas 

. VoU 

Heating  Value: 
Pressure: 


282  Btu/SCF 
15  psia 
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Analysis  of  Chafi  wtX  Dry 
Not  specified 
Heating  value: 

Other  Information 

Net  process  water  consumption: 

Type  of  acid  gas  removal : 

Type  of  sulfur  recovery: 
Thermal  efficiency: 


4,810  Btu/lb 

3.9  MGD 

Hot  carbonate  (Benfleld) 
Claus 

66.8  - 68.9* 


Process  Description 


The  Winkler  f1 u1 d1 zed-bed  gasifier  Is  shown  In  Figure  C4 . 
Crushed  coal  (minus  1/4  In.)  Is  dried  and  fed  by  a screw 
feeder  Into  the  side  of  the  reactor.  Coal  reacts  with 
oxygen  and  steam  to  produce  offgas  rich  In  carbon  monoxide 
and  hydrogen.  The  fluidized  bed  operates  at  1 ,500“-! ,850“F 
depending  on  coal  type.  Pressure  Is  approximately  atmo- 
spherl c . 

Because  of  the  high  temperatures,  all  tars  and  heavy  hydro- 
carbons are  reacted.  About  70  percent  of  the  ash  Is  carried 
over  by  gas  and  30  percent  of  It  Is  removed  from  the  bottom 
of  the  gasifier  by  the  ash  screw.  Unr'acted  carbon  carried 
by  the  gas  Is  converted  by  secondary  steam  and  oxygen  In 
the  space  above  the  fluidized  bed. 

As  a result,  maximum  temperature  occurs  above  the  fluidized 
bed.  To  prevent  ash  particles  from  melting  and  forming 
deposits  In  the  exit  duct,  gas  Is  cooled  by  the  radiant 
boiler  section  before  It  leaves  the  gasifier.  Raw  gas 
leaving  the  gasifier  Is  passed  through  an  additional  waste- 
heat  recovery  section.  Fly  ash  Is  removed  by  cyclones, 
followed  by  a wet  scrubber,  and  finally  an  electrostatic 
precipitator.  Gas  Is  then  compressed  and  purified. 

Oxygen  consumption  for  the  Winkler  process  Is  Intermediate 
between  that  of  the  moving-bed  Lurgi  and  the  entral ned-bed 
Koppers-Totzek.  While  the  Winkler  does  not  produce  the  tars, 
phenols,  and  light  oils  that  the  Lurgi  does,  like  Koppers- 
Totzek.  It  has  been  operated  commercially  only  at  atmospheric 
pressure.  Studies  of  estimated  results  under  conditions  of 
1.5-atm  pressure  have  been  made. 
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Winkler  Coal  Gasifier  Process  Schematic 


COAL  GASIFICATION 


WELLHAN-GALUSHA  PROCESS 
Low-  and  H1gh-6tu  Gas 


BACKGROUND 


Developer: 
Status : 


Wellman  Engineering  Company 

Two  units  have  been  operated 
commercially  in  the  United 
States  on  bituminous  coal 


CONCEPTUAL  DESIGN 


No  Data  Available. 
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Process  Description 


Coal  gasifiers  of  the  fixed-bed  variety  were  once  coinmon  In 
Industrial  complexes.  One  type  that  Is  now  commercially 
available  Is  We1 1man-Ga1usha  Generator  shown  schematically 
In  Figure  C5. 

Crushed  coal  (3/16-5/16  In.)  Is  dried  and  fed  from  the  fuel 
bln  by  a lock-hopper  system  or  through  a rotary-drum  feeder. 

A steam/oxygen  mixture  Is  Introduced  through  a revolving 
grate  at  the  bottom.  Gasifiers  are  available  with  and 
without  an  agitator.  The  agitator  producer  has  a slowly 
revolving  horizontal  arm  which  spirals  vertically  below  the 
surface  of  the  fuel  bed.  The  agitator  reduces  channeling 
and  maintains  a uniform  bed.  The  gasifier  features  Internal 
Jacketed  side  walls  and  a connecting  overhead  "steam  dome" 

In  which  the  steam  needed  for  gasification  Is  produced. 

The  units  built  In  the  past  were  about  10  ft.  In  diameter. 

The  temperature  of  the  gas  leaving  the  gasifier  Is  In  the 
range  of  1,000“  to  1200“F  depending  on  coal  type. 

Pressure  Is  about  atmospheric.  Ash  Is  removed  continuously 
through  a slowly  revolving  eccentric  grate  at  the  reactor 
bottom. 

Substitution  of  air  for  oxygen  to  the  gasifier  will  produce 
a low-Btu  raw  gas.  Raw  gas  leaving  the  gasifier  Is  passed 
through  a waste-heat-recovery  system.  Ash,  which  Is  carried 
over  by  gas,  and  tar  are  removed  by  scrubbing.  The  gas  Is  then 
compressed.  Pipeline  quality  gas  can  be  produced  by  adding 
shift,  purification,  methanatlon,  and  dehydration. 
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COAL  GASIFICATION 


COMBUSTION  ENGINEERING  PROCESS 
Low-Btu  Gas 


BACKGROUND 

Sponsor: 


ERDA 

Combustion  Engineering 
Electric  Power  Research 
Institute 


Developer: 

Contractor: 


Contract  Value: 


Combustion  Engineering 

Combustion  Engineering 
(Design,  Construction  and 
Operation  of  Process 
Demonstration  Unit) 

ERDA  - $15.0  million 
Others  - $6.9  million 


Status:  Detailed  engineering  and 

construction  of  the  5 tons 
of  coal  per  hour  process 
demonstration  unit  (PDU)  Is 
scheduled  to  be  completed  In 
spring  1977,  and  operations 
are  expected  to  continue  until 
mld-1978.  PDU  Is  located  at 
Windsor,  Connecticut. 


CONCEPTUAL  DESIGN 


No  Data  Available 
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Process  Description 

The  Combustion  Engineering  gasification  process  Is  based  on 
an  air-blown,  atmospheric-pressure,  entralned-bed  gasifier. 

A schematic  of  the  process  Is  provided  In  Figure  C6.  Some 
pulverized  coal  and  recycled  char  are  fed  to  the  combusUon 
section  of  the  gasifier  and  burned  to  supply  the  heat 
necessary  for  the  endothermal  gasification  reaction.  In 
the  combustion  section,  nearly  all  of  the  ash  In  the 
system  Is  converted  to  molten  slag,  which  Is  drawn  off 
the  bottom  of  the  gasifier.  The  balance  of  the  pulverized 
coal  plus  steam  are  fed  to  the  reduction  portion  of  the 
gasifier  and  are  Injected  into  the  hot  gases  entering 
the  reductor  from  the  combustor.  The  gasification  process 
takes  place  In  the  entrainment  portion  of  the  reactor  where 
the  coal  Is  devolatized  and  reacts  with  the  hot  gases  to 
produce  the  desired  product  gas.  This  1,600°F  product  gas 
Is  cooled  to  300°F.  At  this  point,  the  gas  contains  solid 
particles  and  hydrogen  sulfide  that  must  be  removed.  Solids 
are  removed  and  recycled  by  means  of  cyclone  separators  and 
venturi  scrubbers.  Hydrogen  sulfide  Is  removed  and  elemental 
sulfur  Is  produced  by  the  Stretford  process.  The  clean  low-Btu 
gas  (127  Btu  per  standard  cubic  foot)  can  thon  be  delivered 
to  the  burners  of  power  boilers,  gas  turbines,  or  combinations 
of  the  two  In  a combined-cycle  power  generator. 

Substitution  of  oxygen  for  air  In  the  gasifier  combustor 
will  Increase  the  heating  value  of  product  gas  from  127 
to  285  Btu  per  standard  cubic  feet  of  gas.  The  main  virtue 
of  the  atmospheric  gasification  system  Is  that  development 
work  Is  necessary  on  the  operation  and  control  of  the  gasifier 
only.  All  other  components  are  commerically  available  Items 
with  predictable  operating  characteristics. 
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Figure  C6.  Low-Btu  Gasification  of  Coal  for  Electricity  Generation  in 
the  Combustion  Engineering  Process 


COAL  GASIFICATION 


BACKGROUND 

Sponsor: 


Developer: 

Contractor: 

Contract  Value: 
Status: 


Compatible  Coal 
CONCEPTUAL  DESIGN 


WESTINGHOUSE  PROCESS 
Low-Btu  Gas 


ERDA 

Public  Service  Indiana 
Westinghouse  Electric  Corp. 

Amax  Coal  Company 
Bechtel.  Inc. 

Peabody  Coal  Company/Kennecott 
Copper  Corporation 

Westinghouse  Electric  Corp. 

PDU  Operated  by  Westinghouse 
Electric  Corporation.  Detailed 
Engineering,  Design  and 
Construction  by  Bechtel  Corp. 

ERDA  - $9.7  million 
Others  - $4.2  million 

Work  Is  now  under  way  with  a 
1,200  Ib/hr  process  development 
unit.  Design  and  construction 
of  a 120  tons  of  coal 
per  day  pilot  plant  Is  scheduled 
for  completion  In  1977.  The 
overall  program  Is  directed 
toward  the  operation  of  a 
combined-cycle  power  plant 
using  a commercial-sized 
gasifier  with  a capacity  of 
about  1,200  tons  of  coal  per 
day.  Plant  Is  located  at 
Waltz  Mill,  Pennsylvania. 

Public  Service  of  Indiana  has 
designated  Its  Dresser  Station, 
near  Terre  Haute,  Indiana,  as 
the  site  for  the  commercial 
plant. 

Types:  Not  specified. 

No  Data  Available 
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Process  Description 


A schematic  of  the  advanced  coal  gasification  system  for 
electric  power  generation  Is  provided  In  Figure  C7.  The 
main  reactor  subsystems  are  the  devolatizer/desul furizer 
and  the  gasif ler/agglomerator.  Dry  coal  Is  Introduced 
Into  the  devolatizer  through  a central  draft  tube  In 
which  coal,  hot  gases,  and  recirculating  char  and  dolomite 
flow  upward  at  a velocity  of  40  ft/sec.  The  hot  solids 
recirculate  downward  in  the  annulus  around  the  draft  tube 
at  weight  rates  of  about  100  times  the  coal  feed  rate  to 
prevent  agglomeration  of  the  fresh  coal  as  It  passes 
through  Its  sticky  phase.  Dense  dry  char  collects  In  the 
fluidized  bed  at  the  top  of  the  draft  tube  and  Is  with- 
drawn at  this  point.  Dolomite  or  calcium  oxide  (sorbent) 

Is  added  to  the  fluidized  bed  to  absorb  the  sulfur  present 
as  hydrogen  sulfide  In  the  fuel  gas.  Spent  dolomite  Is 
withdrawn  from  the  bottom  of  the  reactor  and  regenerated. 
Heat  Is  supplied  primarily  by  the  high-temperature  fuel  gas 
produced  In  the  gasifier-combustor.  After  separation 
of  fines  and  ash,  product  gas  Is  cooled  and  scrubbed  with 
water  for  final  purification. 

Gasification  of  char  produced  In  the  devolatizer/desulfurl- 
zer  Is  carried  out  In  the  gasifler/agglomerator.  In  the 
lower  portion  of  the  gasifier,  char  fines  produced  In  the 
devolatizer  are  combusted  with  air  to  provide  the  basic 
heat  source  for  the  process.  Product  gases  of  CO2  and  steam 
are  produced.  In  the  upper  portion  of  the  gasifier,  steam 
reacts  with  coarse  char  to  form  the  CO  and  H2  rich  stream 
which  goes  to  the  devolatizer.  The  combustor,  operating 
at  about  2,100°F,  also  causes  ash  to  reach  Its  plastic 
stage,  agglomerate^  and  fall  out  of  the  fluidized  bed  of 
char.  It  Is  removed  at  the  bottom  of  the  rp.ctor. 
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Power  Gener.tion  In  i^^n^houH  P^o 


APPENDIX  D 


HIGH-BTU  GASIFICATION  PROCESSES 


Descriptions  of  the  najor  hIgh-Btu  gasification  process 
follow. 
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COAL  GASIFICATION 


LURGI 

PROCESS 

High- 

Btii  Gas 

BACKGROUND 

Developer: 

Lurgi  Mlneralotechnik  g.m.b 

Announced  Commercial  and 
Demonstration  Plants: 

(As  of  May  15,  1976) 

Listing  follows  flow  sheet 

CONCEPTUAL  DESIGN 

Plant  producing  251  MSCFD 
hIgh-Btu  gas 

Coal  Preparation 

Coal  Type: 

Navajo  subbi tumi nous 

Coal  Analyses: 

Proximate. 

wt% 

Ultimate  (MAF).  wt% 

Fixed  carbon 
Volatile  Matter 
Ash 

Moisture 

35.0 

31.2 

17.3 
16.5 

Carbon  76.72 
Hydrogen  5.71 
Nitrogen  1.37 
Sulfur  0.95 
Oxygen  15.21 

Heating  Value, 

Btu/lb: 

8872  (MAF) 

7340  (As  Received) 

Preparation: 

Coal  Is  dried  and  ground 
to  1-3/4"  X 3/16". 

Caking  coals  require 
pretreatment. 

Feed  System: 

Lock  hopper 

164 


Gasification  Reactor  Description  dnd  Operating  Conditions 


Type: 


Counter-current  moving  bed 


Temperature: 

Top: 

1100- 

Bottom: 

1700»l 

Pressure: 

420  psia 

Input  to  Gasifier  Reactor: 

1 b/hr 

Coal 

1 .722,200 

Steam 

1,762,200 

Oxygen 

468,500 

Output  from  Gasifier  Reactor: 

Raw  Dry  Gas 

Ib/hr 

Volt 

CO 

535,500 

19.5 

76,500 

5.0 

CO2 

1 ,243,800 

29.0 

CHa 

174,000 

11.2 

H2§ 

10,700 

0.3 

COS 

..... 

N2 

8,800 

0.3 

Higher  Hydrocarbons 

28,900 

0.9 

By-Products 

1 b/hr 

Ash 

314,000 

Tar  & Oil 

126,400 

Phenols 

10,100 

NH3 

16,900 

Hydrocarbon  Liquids 

18,400 

Analysis  of  Net  Dry  Product  Gas,  Volt 

CH4 

95.9 

H2 

0.8 

N? 

1 .2 

CO2 

2.0 

CO 

0.1 

H2S+COS 

Heating  Value: 

972 

Btu/SCF 

Pressure: 

915 

psia 
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Analysis  nf 

Not  specified 
Heating  Value; 
nthnr  Information 
Net  Process  Hater  Consumption: 
Type  of  Acid  Gas  Removal: 

Type  of  Sulfur  Recovery: 
Thermal  Efficiency: 


0.8  HGD 

Cold  methanol  (Rectlsol) 

Stretford 

52. 9-67. 3X 
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Process  Description 


The  Lurgi  gasification  process  for  hIgh-Btu  gas  Is  shown 
1n  Figures  D1  and  02.  The  Lurgi  gasifier  Is  classified  as  -a 
high-pressure  (300-500  psig),  moving-bed,  nonslagging  steam- 
oxygen  system  producing  synthesis  gas  from  coal.  The 
equipment  consists  of  a double-walled  pressure  vessel  whose 
walls  form  a water  jacket  to  protect  the  outer  pressure 
vessel  wall  from  high  reaction  temperatures.  Sized  coal 
enters  the  top  through  a distributor  and  a mixture  of 
steam  and  oxygen  enters  the  bottom.  Ash  Is  discharged 
from  the  bottom  of  the  reactor  through  a rotating  grate 
Into  a lock  hopper.  Coal  moving  downward  from  the  top  of  the 
reactor  will  be  dried,  devolatlzed,  gasified,  and  oxidized 
In  succession  as  the  temperature  Increases. 

Hot  crude  gas  leaving  the  gasifier  contains  primarily 
carbon  dioxide,  carbon  monoxide,  hydrogen,  and  methane. 

To  achieve  the  proper  ratio  of  CO/H2  for  methanatlon, 
a portion  of  the  crude  gas  Is  passed  through  a shift 
conversion  unit.  The  converted  gas  and  the  bypass  are 
then  cooled  to  remove  water  and  liquid  by-products  before 
gas  purification.  In  gas  purification,  carbon  dioxide 
and  gaseous  sulfur  compounds  are  removed  from  the  gas  by 
the  Rectlsol  process.  The  purified  gas  Is  then  methanated 
to  hIgh-Btu  product  gas.  The  waste  gas  produced  by  RectUol 
is  treated  by  a Stretford  unit  to  recover  the  by-product 
hydrogen  sulfide  as  elemental  sulfur. 

The  water  and  liquid  by-products  removed  from  the  crude 
gas  are  further  processed  to  recover  tar,  tar  oil,  crude 
phenol,  ammonia,  andwater  for  use  In  the  plant  cooling 
system  and  other  In-plant  uses.  Fuel  requirements  for 
the  plant  and  process  steam  are  provided  by  an  air- 
blown  coal-gasification  unit  which  provides  a clean,  low- 
heating-value  gas. 


68 
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02.  Lurgi  High-Btu  Gasification 


COAL  GASIFICATION 


CARBON  DIOXIDE  ACCEPTOR  PROCESS 


High-Btu  Gas 


BACKGROUND 


Sponsors : 


EROA  and  AGA 


Developer: 


Conoco  Coal  Development  Company 


Contractor:  Conoco  Coal  Development  Company 

Contract  Value:  ERDA  - $2.0  Million 

$ M (Cost  Share):  AGA  - $1.0  Million 


Status:  A pilot  plant  Is  located  In  Rapid  City, 

South  Dakota.  The  plant  converts  40  tons 
of  coal  dally  Into  500,000  SCFD  of  hlgh- 
Btu  gas. 


CONCEPTUAL  DESIGN  (263  MSCFO  hIgh-Btu  gas) 


Coal  Preparation  & 

Storage  Operation 

Coal  Type: 

Lignite 

Coal  Analysis: 

Proximate 

, wt  % Ultimate  (MAF).  wt  % 

Fixed  Carbon 

c 

70.53 

Volatiles 

H 

4.71 

Ash 

7.47  N 

1.17 

Moisture 

33.67  S 

1 .00 

0 

22.59 

Heating  Value,  Btu/lb:  7375  (MAF) 

6825  (As  Received) 

Pretreatment: 

Moisture  content  lowered 

to  5%  In 

fluidized  preheater,  coal 
less  than  1/8" 

ground  to 

Feed  System: 

Lock  Hopper 

170 


Gasifier  Description  & Operating  Conditions 


Type: 

Temperature: 

Pressure: 

Input  to  Gasifier: 


Fluid  bed 
1500”F 
150  psia 


Lignite:  1,413.400  Ib/hr  (OX  moisture) 

Steam:  1,653,700  Ib/hr 

Air:  (For  regeneration  of  acceptor) 

3,373,400 

Dolomite: (Regenerated) 

7,164,000  Ib/hr 

Main  Output  from  Gasifier: 


Raw  dry  gas 

from  gasifier  and 

quench 

CO 

431 .600 

Ib/hr 

H2 

145.000 

Ib/hr 

CO? 

308.500 

Ib/hr 

CH4 

98.900 

Ib/hr 

Has 

1,142 

Ib/hr 

cos 

Not  Reported 

N2 

6.200 

Ib/hr 

Higher  Hydrocarbons  Not  Reported 


Other  by-products  from  gasifier  and  quench: 


Ash 

Tar  & Oil 

Phenols 

NH3 

Hydrocarbon  Liquids 
Char 

Char  Analysis: 


C 
H 
0 
S 
N 

Ash 
Heating  Val 


See  section  below 


496,800  Ib/hr 


wt  % 

63.41 

0.54 

2.26 

0.97 

0.25 

32.57 

9.450  Btu/lb 
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C02  Acceptor  Regeneration  Section 
Input  to  Regeneration  Section 


Char 

496,810 

Ib/hr 

Reacted  acceptor 

7,977,000 

Ib/hr 

Air 

44,500,000 

SCFH 

Dolomite  makeup 

254,454 

Ib/hr 

CO2 

600,000 

SCFH 

Water 

15,800 

Ib/hr 

Output  from  Regeneration  Section 

Regenerated  acceptor 

7,164,000 

Ib/hr 

Carbonated  ash  slurry 

(50%  water) 

466,000 

Ib/hr 

Acid  gas 

450,000 

SCFH 

Flue  gas 

57,300,000 

SCFH 

Net 

Dry  Product  Gas  Analyses: 

Volume  of  Product  Gas 

263  MSCFD 

Heating  Value 

972  Btu/SCF 

Pressure  of  Product  Gas 

1000  psia 

Gas  Analysis  (VolumeX): 

CH4 

93.0 

H2 

4.8 

N2 

0.8 

CO2 

1.3 

CO 

0.1 

Net 

Process  Water  Usage: 

1.5  MGD 

Type  of  Acid  Gas  Removal: 


Sulfur  Recovery: 

Type:  

Quantity  Recovered:  9,920  Ib/hr 

Thermal  Efficiency:  60.2i-76% 
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Process  Description 


In  the  carbon  dioxide  acceptor  process  (see  Figure  D3), 
subbi tuml nous  coal  Is  ground  to  1/8  In.,  dried  to  5% 
mol sture,  and  charged  in  a f 1 uidized-bed  preheater.  The 
preheated  coal  Is  then  fed  Into  the  gasifier  close  to  the 
bottom  of  a fluidized  bed  of  char.  Rapid  devolatizatlon  Is 
followed  by  gasification  of  the  hydrocarbon.  The  necessary 
heat  for  the  endothermic  gasification  reactors  Is  supplied 
by  the  carbon  dioxide  acceptor  reactor. 

The  manner  In  which  an  acceptor  (limestone  or  dolomite) 

Is  circulated  between  the  gasifier  and  the  regenerator  to 
supply  this  heat  Is  the  unique  feature  of  the  CO2  acceptor 
process.  The  acceptor,  reduced  to  approximately  6x14 
mesh,  enters  the  gasifier  above  the  fluidized  char  bed, 
falls  through  the  bed,  and  col lects  In  the  gasifier  boot. 
Hydrogas1f1cat1on<requ1red  steam  enters  through  the  boot 
and  the  distributor  ring,  which  Is  a sharp,  stable  Interface 
between  the  char  and  the  char-acceptor  mixture  In  the  bed. 
Dolomite,  consumed  at  startup  to  avoid  plugging.  Is  replaced 
by  fresh  acceptor  once  circulation  rates  are  determined  and 
process  operating  temperature  and  pressure  are  reached. 

Product  gas  passes  through  a steam-generating  heat  exchanger 
and  goes  to  the  gas  cleanup  section. 

The  acceptor  regenerator  calcines  the  consumed  acceptor. 
Recarbonated  acceptor  from  the  gasifier  flows  through  a 
standleg  and  Is  conveyed  pneumatically  to  the  regenerator 
bottom.  Char,  a product  of  gasification.  Is  recycled  to  the 
regenerator  where  It  Is  burned  In  the  presence  of  air. 

The  regenerator  temperature  Is  boosted  to  1850°F.  Due  to 
reversal  of  the  carbon  dioxide  acceptor  reaction,  the  acceptor 
Is  calcined.  The  regenerated  acceptor  Is  returned  to  the 
gasifier  via  a standleg.  Flue  gas  from  the  regenerator 
goes  through  a heat  exchanger,  generating  steam  for  the 
gasifier  and  the  air  compressor. 

The  flue  gas  from  the  regenerator  and  the  product 
gas  are  cleaned.  The  clean  synthesis  product  gas  Is  sent 
to  the  methanatlon  unit  which  consists  of  a shift  converter, 
a carbon  dioxide  absorber,  hydrodesulfurizer , a zinc 
oxide  sulfur  guard,  and  a packed-tube  methanator.  A 
Dowtherm  system  Is  used  for  temperature  control  and  heat 
removal  for  the  strongly  exothermic  methanatlon  reaction. 

The  methanatlon  process  Increases  the  heating  value  of  the 
gas  to  pipeline  quality. 
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Figure  D3.  CO-  Acceptor  Gasification  Process 


COAL  GASIFICATION 


BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Contract  Value: 
Status: 


Compatible  Coal 

CONCEPTUAL  DESIGN 


HYGAS  PRDCESS 
High-Btu  Gas 


ERDA  and  the  American  Gas 
Association 

Institute  of  Gas  Technology  (IGT) 


Institute  of  Gas  Technology 
Pilot  Plant  Engineering  and 
Construction  by  Procon 
Incorporated.  Preliminary 
Engineering  by  Bechtel 
Corporation. 


ERDA  - $29.2  million 
Others  - $10.1  million 


75  tons/day  pilot  Is  currently 
being  operated  by  IGT.  Steam- 
oxygen  system  complete,  Fiscal 
*76.  Preliminary  demonstration 
plant  design  complete.  Plans 
have  been  announced  to  build 
an  $18  million  pilot  plant 
facility  to  demonstrate  the 
Steam-Iron  process  for  H2 
generation.  Pilot  plant 
located  In  Chicago,  Illinois. 

Types:  Bituminous,  Subbitumlnous,  and 

Lignite . 


Plant  producing  260  HSCFD 
hIgh-Btu  gas 
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Coal  PrepTition 

Coal  Type:  Bituminous,  Illinois  No.  6 

Coal  Analyses: 


Proximate. 

MtX 

U1 timate 

(MAF).  wtX 

Fixed  Carbon 

46.52 

Carbon 

78.45 

Volatile  Matter 

30.36 

Hydrogen 

5.43 

Ash 

10.79 

Nitrogen 

1.53 

Moisture 

6.48 

Sulfur 

4.75 

Oxygen 

9.85 

Heating  Value, 

Btu/lb: 

12600  (MAF) 

11240  (As 

Received) 

Preparation: 

Coal  Is  dried  to  1 to 
percent  moisture  and 

ground  to 
8 mesh 

less  than 

Feed  System: 

Coal-oil 

slurry 

Gasification  Reactor 

Description 

and  Operating  Conditions 

Type: 

Fluidized 

bed,  4 sectli 

Temperature: 

Section 

IL 

Top 

600 

2nd 

1250 

3rd 

1750 

Bottom 

1900 

Pressure: 


1200  psia 


Input  to  Gasifier  Reactor: 

Ib/hr 


Coal 

Steam 

Oxygen 


1,057,900  (OX  moisture) 
981,700 
270,300 


I 
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Output  froM  G«i1f1«r  Rtactor: 


Raw  Dry  Ga»  Ib/hr  VolX 


CO 

650,100 

28.5 

48,300 

29.6 

CO2 

763,800 

21.3 

CH4 

244,200 

18.7 

H2S 

43,300 

1.6 

cos 

700 

0.01 

1,700 

0.11 

Higher  Hydrocarbons 

15,100 

0.23 

By-Products  Ib/hr 


Char  138,900 

Tar  I Oil  

Phanols  1,300 

NH3  11,300 

Hydrocarbon  Liquids  39,800 


Analysis  of  Net  Dry  Product  Gas.  Volt 

CHa 

H2 

6.6 

0.2 

CO2 

0.1 

CO 

0.1 

Heating  Value: 

965  Btu/SCF 

Prossurt: 


958  psia 


Analysis  of  Char,  mil  Ory 
Not  spacifitd 

Heating  Value:  1,488  Btu/lb 
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other  Information 
Net  process  water  consumption: 
Hydrogen  Generation  Process 


Steam/ Iron 
Steam/Oxygen 

Type  of  acid  gas  removal: 
Type  of  sulfur  recovery: 
Thermal  efficiency: 


MOD 

3.0 

1 .8 

Cold  methanol  (Rectlsol) 
Claus 

60.3  - 70.5* 
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Process  Description 

A diagram  of  the  HYGAS  process  Is  provided  In  Figure  D4. 

Raw  coal  Is  crushed,  dried,  and  pretreated  (In  case  of  caking 
coals)  at  GGO^F  to  750**F  and  atmospheric  pressure.  Prepared 
coal  Is  mixed  In  a slurry  tank  with  light  aromatic  oil 
recovered  In  the  process.  Noncaking  coal  Is  fed  directly  to 
the  slurry  tank.  The  coal-oil  slurry  Is  pumped  by  a centri- 
fugal pump  to  100  atm  and  then  sprayed  Into  the  light 
oil  vaporizer  section  of  the  gasifier,  where  most  of  the 
light  oil  flashes  off  and  Is  recovered  downstream  and 
returned  to  the  process.  The  coal  passes  to  the  next  stage 
operated  at  1300  to  ISOO^F  where  approximately  20  percent 
of  coal  Is  converted  to  methane  by  the  hot  gas  from  the 
bottom  stage  of  the  hydrogasifier.  Part  of  the  devol- 
atlzed  char  Is  hydrogasi f led  with  hydrogen  and  steam  at 
ITOO^F.  An  additional  25  percent  of  the  Initial  coal  Is 
converted  to  methane  In  this  hydrogen- rich  environment. 

Char  produced  from  the  hydrogasifier  Is  used  for  hydrogen 
production  In  one  of  three  alternate  processes: 

Electrothermal,  Steam-Oxygen,  or  Steam-Iron.  (Development 
work  on  the  Electrothermal  Process  has  been  terminated  due  to 
thehlghcost  of  electricity.)  The  product  gas  (containing 
methane  and  other  raw  gases,  particulates,  trace  elements, 
and  water  and  oil  vapors)  from  the  reactor  Is  quenched, 
purified,  and  passed  to  the  methanator.  The  ratio  of  hydrogen 
to  carbon  monoxide  In  the  purified  gas  entering  the  methanator 
Is  adjusted  to  about  three  to  one.  The  purified  gas  passes 
through  a nickel  catalyst  methanatlon  reactor  at  controlled 
temperature  and  Is  converted  to  pipeline-quality  gas  with  an 
average  heating  value  of  965  Btu  per  cubic  foot. 
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COAL  GASIFICATION 


BIGAS  PROCESS 
H1gh-6tu  Gas 

BACKGROUND 


Sponsor: 

Developer: 

Contractor: 


Contract  Value: 
Status: 


Compatible  Coal  Types: 


ERDA  and  American  Gas 
Association 

Bituminous  Coal  Research,  Inc 

Project  managed  by  Phillips 
Petroleum  Company.  Respon- 
sibility of  constructing  and 
operating  the  pilot  plant 
awarded  to  Stearns-Roger , 

Inc.  Gasifier  designed  and 
built  by  Babcock  and  Wilcox. 

EROA  - $58.1  million 
Others  - $11.5  million 

120  tons/day  pilot  plant  was 
scheduled  for  completion  by 
the  second  quarter  of  1976. 
Located  In  Homer  City, 
Pennsylvania. 

Bituminous,  Subbi tumi nous  , 
and  Lignite 


CONCEPTUAL 

. DESIGN 

Plant 

producing  250 

MSCFD 

high- 

Btu  gas 

Coal 

Preparation 

Coal 

Type: 

Bituminous,  Western 

Kentucky 

Coal 

Analyses : 

Proximate, 

wt  % 

U1 timate  (MAF) , wt  % 

Fixed  Carbon 

45.4 

Carbon 

80.20 

Volatile  Matter 

39.5 

Hydrogen 

5.50 

Ash 

6.7 

N1 trogen 

1 .62 

Moisture 

8.4 

Sulfur 

4.10 

Oxygen 

8.58 
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No.  11 


Hiating  Value,  Btu/lb  12330  (MAP) 

11500  (As  Received) 


Preparation: 


Coal  Is  dried  to  2 percent 
moisture  and  ground  to  70 
percent  less  than  200  mesh 


Feed  System:  Coal-water  slurry 

Gasification  Reactor  Oescriptlon  and  Operating  Conditions 


Type: 

Temperature: 

Pressure: 

Input  to  Gasifier  Reactor: 


Coal 

Steam 

Oxygen 


Top  Entrained 
Bottom  Slagging 

Top  1700“F 
Bottom  3000°F 

1200  psia 


Ib/hr 

946,300  (1.3X  moisture) 

409,700 

497,600 


Output  from  Gasifier  Reactor: 


Raw  Dry  Gas 

Ib/hr 

Vol  t 

CO 

1 ,024,300 

43.5 

Ho 

40,900 

24.5 

C02 

512,300 

14.0 

CHa 

207,300 

15.5 

H2S 

40,600 

1 .4 

COS 

Higher  Hydrocarbons 

15,300 

0.6 

By-Products 

Ib/hr 

Ash 

68,400 

NH3 

7,700 

Tar  and  011 

Phenols 

Hydrocarbon  L Iquid 

\ 

1 


i 


Analysis  of  Wet  Dry  Product  Gas,  vol  t 


CH4 

H2 

N2 

CO2 

CO 

H2S+S02 


91 .8 

5.1 
1 .9 

1.1 
0.1 


Heating  Value: 


943  Btu/SCF 


Pressure: 

Analysis  of  Char,  wt  X Dry 
Not  Specified 
Heating  Value: 

Other  Information 

Net  process  water  consumption: 

Type  of  acid  gas  removal: 

Type  of  sulfur  recovery: 
Thermal  efficiency: 


1075  psia 


1.5  HGD 

Hot  carbonate  (Benfield) 

Claus 

61 .8-66.8X 
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Process  Description 


The  BIGAS  process  Is  a two-stage,  high-pressure,  oxygen- 
blown  system  using  pulverized  coal  and  steam  in  entrained 
flow.  A diagram  of  the  BIGAS  process  Is  provided  In 
Figure  05.  Basically,  there  are  four  major  steps  In  the 
process:  coal  preparation,  slurry  preparation,  gasifica- 
tion, and  gas  purification  and  methanatlon. 

Coal  preparation  consists  of  pulverizing  the  coal  so  that 
approximately  70  percent  will  pass  through  200  mesh.  Both 
particle  size  and  particle  size  distribution  can  vary, 
however.  The  coal,  mixed  with  water.  Is  fed  to  a centrifuge, 
where  the  solids  are  concentrated  Into  a cake  of  50  to  60 
percent  solids.  The  cake  Is  then  slurried  In  the  blend  tank 
to  the  consistency  used  In  the  process  and  the  slurry  Is 
contacted  with  hot  Inert  recycle  gas  for  nearly  Instan- 
taneous vaporization  of  the  surface  water.  The  coal  Is 
conveyed  to  a cyclone  separator  by  the  stream  of  water  vapor 
and  Inert  gas.  then  to  the  gasifier.  The  Inert  gas  Is 
recovered,  reheated,  and  recycled.  As  the  coal  Is  conveyed 
from  the  cyclone  to  the  gasifier.  It  Is  fluidized  by  gas 
recycled  from  the  methanator. 

The  coal  enters  the  gasifier  through  Injector  nozzles  near 
the  throat  separating  Stage  1 and  Stage  2.  Steam  Is  Intro- 
duced through  a separate  annulus  In  the  Injector.  The  two 
streams  combine  at  the  top  and  Join  the  hot  synthesis  gas 
rising  from  Stage  1.  A mixing  temperature  of  about  2.200'’F 
Is  attained  rapidly  and  the  coal  Is  converted  to  methane, 
additional  synthesis  gas.  and  char.  The  raw  gas  and  char 
rise  through  Stage  2.  leave  the  gasifier  at  about  l./OO^F, 
and  are  quenched  to  BOO^F  by  atomized  water  prior  to  separa- 
tion In  a char  cyclone.  The  raw  gas  (containing  methane, 
carbon  monoxide,  carbon  dioxide,  hydrogen,  water,  and 
hydrogen  sulfide)  passes  through  a scrubber  for  additional 
cooling  and  cleaning.  The  clean  gas,  along  with  the  desired 
amount  of  moisture.  Is  sent  to  a carbon  monoxide  shift 
converter  to  establish  the  proper  ratio  of  carbon  monoxide 
and  hydrogen  required  In  the  methanatlon  process.  Gas  from 
the  shift  converter  Is  purified  to  remove  H^S  and  CO2  and 
then  methanated  to  produce  pipeline  gas.  ^ 
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Figure  D5.  BIGAS  Process 


COAL  GASIFICATION 


SYNTHANE  PROCESS 
High-Btu  Gas 


BACKGROUNO 


Sponsor: 
Devtioptr : 

Contractor; 


Contract  Value: 
Status: 

Compatible  Coal  Type: 


ERDA 

Pittsburgh  Energy  Research 
Center 

Rust  Englneerlng/Lummus  Corp. 
Designed,  Engineered,  and 
Operated  by  C-E  Lummus.  Field 
Construction  by  Rust 
Engineering 

$9.6  mill  Ion 

75  tons/day  pilot  plant  In 
operation.  Located  In 
Bruceton,  Pennsylvania. 

Bituminous,  Subbitumlnous, 
and  Lignite 


CONCEPTUAL  DESIGN  Plant  producKo  250  MSCFD 

hIgh-Btu  gas 

Coal  Preparation 


Coal  Type:  Bituminous,  Pittsburgh  Seam 

Coal  Analyses: 


Proximate. 

wt  t 

Ultimate  (MAF).  wt  t 

Fixed  Carbon 

32.3-38.7 

Carbon 

81.9 

Volatile  Matter 

49.2-59.4 

Hydrogen 

5.8 

Ash 

7.4 

N1 trogen 

1.7 

Moisture 

2.5 

Sul  fur 

1 .8 

Oxygen 

8.9 
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Heating  Value.  Btu/lb:  13700  (MAP) 

12690  (As  Received) 


Pretreatment:  Coal  Is  dried  to  1.5  to 

2 percent  moisture  and 
ground  to  70  percent  less 
than  200  mesh 

Feed  System:  Lock  hopper 

Gasification  Reactor  Description  and  Operating  Conditions 

Type:  Fluidized  bed 

Temperature:  Top  800“F 

Bottom  ITOO^F 

Pressure:  100  psia 

Input  to  Gasifier  Reactor: 


Ib/hr 


Coal  1.187. 

500  (2.5X  moisture) 

Steam  1.169, 

700 

Oxygen  304, 

000 

Output  from  Gasifier  Reactor 

Raw  Dry  Gas 

Ib/hr 

Vol  % 

CO 

320.000 

16.7 

Hp 

38.200 

28.0 

C02 

871 ,000 

29.0 

CH4 

268.000 

24.6 

HpS 

12,200 

0.5 

COS 

.... 

N2 

16,000 

0.8 

Higher 

15,000 

0.3 

Hydrocarbons 

By-Products 

Ib/hr 

Char 

362,200 

Tar  and  Oil 

43,200 

Phenol 

NH3 

13,200 

Hydrocarbon  Liquids 

7,400 
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Analysis  of  Net  Dry  Product  Gas,  vol  % 

CH4 
H2 


Ih 

CO 

H2S+S02 

Heating  Value: 

Pressure: 

Analysis  of  Char,  wt  t Dry 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Oxygen 

Ash 

Heating  Value: 

Other  Information 

Net  process  water  consumption: 

Type  of  acid  gas  removal: 

Type  of  sulfur  recovery: 
Thermal  efficiency: 


90.5 

3.6 

2.1 

3.7 

0.1 


927  Btu/SCF 
100  psia 


71.4 
0.9 
0.5 
1.5 
1 .8 
23.9 

11.000  Btu/lb 


1.0  HGD 

Hot  carbonate  (Benfleld) 

Stretford 

59. 3-66. OX 
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Process  Description 


A schematic  of  the  Synthane  process  Is  provided  In  Figure 
D6.  Crushed,  dried,  and  pressurized  coal  is  fed  to  the 
fluidized'bed  pretreater  (in  case  of  caking  coals)  through  a 
lock-hopper  system.  It  Is  pretreated  with  steam  and  oxygen 
at  noOT  where  it  Is  partially  devolatized  and  its  caking 
tendency  destroyed. 

The  pretreated  coal  overflows  from  the  pretreater  into  the 
two-zone  gasifier,  which  consists  of  a dense  fluid  bed  at  an 
expanded  top  section  and  a dilute  fluid  bed  at  a contracted 
bottom  section.  By  contacting  the  coal  with  hot  gas  coming 
from  the  dilute  fluid  bed,  devolatization  and  hydrogas- 
ification take  place  at  1100  to  1470°F  and  1000  psia.  The 
devolatized  coal  from  the  dense  fluid  bed  Is  gasified  with 
steam  and  oxygen  in  the  dilute  fluid  bed  at  1750  to  1800°F 
to  produce  synthesis  gas  for  the  dense  fluid  bed.  Steam  and 
oxygen  enter  the  gasifier  Just  below  the  fluidizing  gas 
distributor.  Unreacted  char  flows  downward  Into  a bed 
fluidized  with  steam  and  water  sprays,  and  Is  removed  by 
pressurized  lock  hoppers.  This  char  can  be  used  to  produce 
process  steam. 

The  product  gas,  containing  methane,  hydrogen,  carbon 
monoxide,  carbon  dioxide,  ethane,  and  Impurl ties , is  passed 
through  an  oil  venturi  scrubber  and  a water  scrubber  to 
remove  carry-over  ash,  char,  and  tars.  The  cleaned  gas  goes 
to  a shift  converter,  where  the  ratio  of  Hz  to  CO  Is 
adjusted  to  a value  of  3:1.  Gas  from  the  shift  converter  Is 
purified  to  remove  CO2  and  H2S  and  then  methanated  and 
dehydrated  to  produce  pipeline  gas.  Two  alternative 
methanatlon  systems  are  being  Investigated:  the  hot  gss 
recycle  system  and  the  tube  wall  reactor  system. 
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COAL  GASIFICATION 
HVORANE  PROCESS 
H<9h-Btu  Gai 


BACKGROUND 

Sponsor:  EROA 

Oevtioper:  Pittsburgh  Energy  Research 

Center 


Status:  26  tons/day  process 

developeent  unit  Is  being 
designed  and  construction  Is 
planned  at  Morgantown,  West 
Virginia 


CONCEPTUAL  DESIGN 


No  Data  Available 
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Process  Dtscriptlon 

The  Hydrane  flow  sheet  Is  shown  In  Figure  07;  Crushed 
raw  coal  Is  fed  to  a two-zone  hydrogenation  reactor 
operated  at  1000  psig.and  1650*F.  In  the  top  zone, 
the  coal  falls  freely  as  a dilute  cloud  of  particles  through 
a hydrogen-rich  gas  containing  some  methane  from  the  lower 
zone.  About  20  percent  of  the  carbon  In  the  raw  coal  Is 
converted  to  methane,  causing  the  coal  particles  to  lose 
their  volatile  matter  and  agglomerating  characteristics. 

The  coal  Is  now  essentially  a char.  This  char  falls  Into 
the  lower  zone  where  hydrogen  feed  gas  maintains  the 
particles  In  a fluidized  state  and  also  reacts  with  about 
34  percent  more  of  the  carbon  to  make  methane.  The  product 
gas  exits  from  the  center  of  the  reactor  and  Is  cleaned  of 
entrained  solids  and  some  unwanted  gases.  After. cleanup, 
methanatlon  of  the  small  amount  (2  to  5 percent)  of  residual 
carbon  monoxide  gives  a pipeline  quality.  hIgh-Btu.  sub- 
stitute natural  gas.  Char  from  the  lower  zone  of  the 
hydrogasifier  Is  reacted  with  steam  and  oxygen  to  make 
the  needed  hydrogen. 


Figure  D7.  HYDRANE  Process 


COAL  GASIFICATION 

AGGLOMERATING  BURNER  PROCESS 

1 

High-Btu  Gas 

3 

BACKGROUND 

Sponsor: 

ERDA  and  the  American  Gas 
Association 

Developer : 

Battelle  Memorial  Institute 

Contractor: 

Pilot  Plant  Installation  and 
Operation  by  Battelle. 
Engineering.  Design,  and 
Construction  by  Chemical 
Construction  Corporation 
(Chemico) 

Contract  Value: 

ERDA  - $7.2  million 

Others  • $1 .6  million 

i 

1 

Status: 

25  tons/day  pilot  plant 
located  at  West  Jefferson. 

Ohio.  Gas  purification, 
shift  conversion,  and 
methanatlon  of  the  product 
gas  are  not  part  of  the  present 
program. 

i 

1 

1 

CONCEPTUAL  DESIGN 

No  Data  Available 

I 

i 

I 

! 

I 

! 
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Process  Description 


The  flowsheet  for  the  Agglomerating  Burner  process  Is  shown  In 
Figure  08.  Coal  Is  separated  Into  two  sizes  (1-100)  mesh 
for  use  In  burner  and  -8-«-100  mesh  for  use  In  gasifier)  and 
Is  dried.  Caking  coal  is  fed  to  a fluldized-bed  pretreater 
where  It  is  mixed  with  gas  and  air  at  atmospheric  pressure 
at  750°F.  Treated  coal  Is  cooled,  fed  to  the  steam 
fluldized-bed  gasifier,  then  burned  with  air  In  a fluldized- 
bed  burner.  In  a manner  allowing  agglomeration  of  the  ash 
at  a temperature  approaching  the  ash  fusion  point  (PIOO^F). 

The  hot  flue  gases  produced  In  the  burner  are  free  of  fly 
ash  and  can  be  expanded  In  a gas  turbine  for  energy  recovery. 

Hot  ash  agglomerates  are  transferred  continuously  from  the 
burner  to  the  gasifier  by  means  of  a steam  lift.  Superheated 
steam  enters  the  gasifier  below  the  distributor  plate.  Coal 
Is  fed  through  the  lock  hoppers  by  Inert  gas  and  Is  contacted 
with  hot  ash  agglomerates  (200*‘F)  from  the  burner.  The 
sensible  heat  Is  utilized  from  the  gasification  reaction. 

Raw  gas  from  the  gasifier  Is  sent  to  a cleanup  section.  The 
unreacted  char  Is  transferred  together  with  cool-ash 
aoglomerates  (ISOO^F)  to  the  burner  where  the  char  Is  burned 
with  air  and  ash  agglomerates  are  heated  to  2000°F.  Ash 
equivalent  to  the  ash  content  of  the  coal  fed  to  the  burner 
Is  removed  from  the  system  continuously  to  maintain  a 
constant  quantity  of  ash  agglomerates  In  the  cycle. 
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Figure  D8.  Agglomerating  Burner  Process 


COAL  GASIFICATION 


KELLOGG  MOLTEN  SALT  PROCESS 
High-Btu  Gas 


BACKGROUND 

Sponsor:  EROA  (1964-1967) 

Developer:  N.  W.  Kellogg  Company 


Contrar^'or:  M.  W.  Kellogg  Company 

Status:  OCR  (now  ERDA)  funded  a bench- 

scale  program  from  1964-1967. 
Major  difficulties  were 
experienced  with  materials  of 
construction.  OCR  ceased 
sponsorship  for  this 
reason,  budgetary  restrictions, 
and  assignment  of  higher 
priorities  to  other  coal 
gasification  processes. 

H.  W.  Kellogg  has  carried 
additional  development  since 
1967,  but  no  support  has  yet 
been  obtained  for  construction 
of  a large-scale  pilot  plant. 


CONCEPTUAL  DESIGN 


No  Data  Available 


Process  Description 


The  block  diagram  of  the  slnole-vessel  coal  gasification 
process  Is  shown  In  Figure  09.  Coal  Is  crushed  to  pass  through 
12  mesh  and  pressurized  In  lock  hoppers.  It  Is  then  fed  to 
the  gasifier  by  a stream  of  preheated  oxygen  and  steam 
along  with  recycle  sodium  carbonate  recovered  from  the  ash 
rejection  system.  The  coal-steam  reaction  conditions  are 
WOO^F  and  1200  psi.  The  coal-steam  reaction  Is  catalyzed 
by  the  molten  saU  contained  In  the  reactor  so  that  gas 
free  of  tar.  with  an  appreciable  methane  content  Is  produced. 
The  heat  required  for  the  coal-steam  reaction  Is  provided 
by  oxidation  of  a portlon'of  the  coal  with  oxygen  In  the 
reactor.  A bleed  stream  of  molten  salt  containing  ash 
In  suspension  Is  withdrawn  from  the  bottom  of  the  gasifier  and 
Is  contacted  with  water  to  dissolve  the  sodium  carbonate. 

Ash  Is  separated  by  filtration  and  the  carbonate  solution  Is 
treated  to  precipitate  bicarbonate.  The  bicarbonate  Is 
filtered  out  and  heated  to  restore  the  carbonate  salt  which 
Is  then  recycled  to  the  gasifier. 

Raw  gas  leaving  the  gasifier  passes  through  a heat  recovery 
section  and  any  entrained  salt  Is  removed.  It  further 
passes  through  the  shift  conversion  unit,  where  the  H?  to 
CO  ratio  Is  properly  adjusted.  Effluent  gas  from  shift 
conversion  Is  purified,  methanated.  and  dehydrated  to 
produce  pipeline  quality  gas. 


198 


Figure  09.  M.W.  Ke1  logg's  Molten  Salt  Process 


APPENDIX  E 


PYROLYSIS  AND  HYDROCARBONIZATION  LIQUEFACTION  PROCESSES 


Descriptions  of  the  major  pyrolysis  and  hydrocarbonization 
processes  follow. 


COAL  LIQUEFACTION 


CHAR  OIL  ENER6Y  DEVELOPMENT  (COED)  PROCESS 
BACKGROUND 


Sponsor: 

Devtioptr: 

Contractor: 

Contract  Value: 

Status: 

Compatible  Coal  Types: 


EROA 

FNC  Corporation 
PMC  Corporation 
$21  Million 

36  tons/day  pilot  plant 
operation  completed. 
Located  In  Princeton. 

New  Jersey. 

Bituminous.  Subbitumlnous. 
and  Lignite 


CONCEPTUAL  DESIGN 


Plant  producing  328. BOO  Ib/hr 
of  Syncrude 


Coal  Preparation  Operation 


Coal  Type: 

Coal  Analyses: 

Proximate.  % 

Fixed  Carbon 

Volatiles 

Ash 

Moisture 


Heating  Value.  Btu/lb: 


Preparation: 


Feed  System: 


Bituminous.  Illinois  16 


Ultimate  (MAP).  X 


44.0 

32.0 

10.0 

14.0 


Carbon 
Hydrogen 
Nitrogen 
Sul  fur 
Oxygen 

11300  (MAF) 


75.5 

6.0 

1.2 

4.6 

13.2 


10170 

12420 


As  Received) 
5.9X  Moisture) 


Coal  Is  dried  to  5.9  percent 
moisture  and  around  to  less 
than  16  mesh  (minimum  fines) 

Mechanical  feeders  to  a mixing 
tee  from  which  It  Is  blown 
Into  dryer  and  first  stage 
pyrolysis 
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Liqutfactlon  Description  «nd  OpTtting  Conditions 


Type  of  process:  Fluldized-bed  ^pyrolysis 

Number  of  Reactors:  Tmo  sets  of  four  reactors 


Dimensions: 


60'-70‘  In  diameter 


Reactor  Temperature:  Stage  1 

Stage  2 
Stage  3 
Stage  4 


550-600"F 

850*F 

1050"F 

1550“F 


Reactor  Pressure:  8 psig 

Cooling  Mechanism:  Cooling  tower,  3 MGD 


Input  to  Liquefaction  Reactor: 


Coal 

Steam 

Natural  Gas 
Combustion  Air 
Oxygen 

Transport  gas 


2,126,000  Ib/hr  (S.9X  moisture) 
507,200  Ib/hr 
48,600  Ib/hr* 

732.000  Ib/hr 

313.000  Ib/hr 
94,100  Ib/hr 


Output  from  Liquefaction  Reactor: 


Raw  Product: 

Char 

Gas 

Water 


2,174,500  Ib/hr 
1,042,600  Ib/hr 

732.000  Ib/hr 

187.000  Ib/hr 


*Does  not  Include  288,500  Ib/hr  gas  recycled  through 
char  cooler 


Hydrotreating  Process; 

Type  of  process:  Three  sections,  downflow 


Input  to  Hydrogen  Production; 

Product  Oil:  371,800  Ib/hr 
Hydrogen  Makeup:  56,800  Ib/hr 
Stripping  Gas:  205,600  Ib/hr 
Fuel  Gas:  167,000,000  Btu/Hr 


Output  from  Hydrogen  Production: 


Liquid  Products: 
Sour  Gas: 
Stripping  Gas: 
Sour  Water: 

Flue  Gas 


328,800  Ib/hr 
58,000  Ib/hr 
214,000  Ib/hr 
33,200  Ib/hr 
Not  Specified 


Hydrogen  Production 

Type  of  Process:  Steen  reforming 

Input  to  Hydrogen  Production 

Mixture  of  clean  product  gas 
and  hydrotreater  off-gas 
Net  Hater  Consumption 
Fuel  Gas 
Air 

Output  from  Hydrogen  Production: 

Hydrogen 
Steam 
Flue  Gas 
Hater 

Overall  Output  from  COED  Process 

Liquid  Product 

Char 

Gas 

Hater 

Sulfur 

Analysis  of  Liquid  Product » (wt  %) 


Carbon 

87. IX 

Hydrogen 

10. 9X 

N1 trogen 

0.3X 

Oxygen 

1.6X 

Sulfur 

0.7X 

Ash 

O.IX 

Moisture 

O.IX 

Heating  Value 

(Approximate) : 

Analysis  of  Char,  (wt  X Dry] 

Carbon 

73.8 

Hydrogen 

0.8 

Nitrogen 

1.0 

Sulfur 

3.2 

Oxygen 

0.0 

Ash 

21.2 

Heating  Value: 


of  natural  gas 


108.000  Ib/hr 

86.000  Ib/hr 

46.000  Ib/hr 


56.800  Ib/hr 


328.800  Ib/hr 
.042.600  Ib/hr 

732.000  Ib/hr 

187.000  Ib/hr 
42.500  Ib/hr 


19.000  Btu/lb 


11.700  8tu/lb 
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other  Information; 


Net  Proceii  Water  Consumption:  Not  specified 


Type  of  Acid  Gas  Removal: 

Type  of  Sulfur  Recovery: 
Thermal  Efficiency: 


Primary  - (H2S+CO2) 
hot  carbonate 
Secondary  - (CO2  only) 
not  specified 

Claus 

57.6-72.2* 
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Process  Description 

The  COED  (Char  Oil  Energy  Development)  process  reacts  coal 
In  multistage  fluidized  beds  producing  gas,  oil,  and  char(see 
Figure  El).  Initially  the  coal  Is  crushed  and  dried.  Pyrolysis 
then  occurs  In  a four-stage  reactor.  Each  successive  stage 
operates  at  a higher  temperature.  Each  temperature  Is 
Slightly  lower  than  the  temperature  at  which  the  coal 
type  agglomerates.  The  fuel  to  heat  the  reactors 
originates  In  the  fourth  stage  of  the  reactor  where  char 
Is  burned  with  oxygen  In  the  presence  of  steam.  The 
heated  gases  leave  the  fourth  stage  and  flow  countercurrently 
to  the  char. 

After  acting  as  the  fluidizing  medium  for  the  second  and 
third  pyrolysis  stages,  the  hot  gases  are  sent  to  the 
product  recovery  system.  Gas  and  oil  are  recovered  from 
vapors  leaving  the  second  stage.  A cyclone  is  utilized 
to  remove  fines  from  the  vapors.  The  vapors  are  then 
quenched  with  water  In  a venturi  scrubber,  condensing  the 
oil.  The  gases  and  oils  then  are  separated  In  a decanter. 

After  desulfurization,  part  of  the  product  gas  Is  converted 
to  hydrogen  and  recycled  to  the  process.  The  remainder 
Is  either  sold  as  fuel  gas  or  converted  to  pipeline  gas  or 
hydrogen. 

The  decanted  oil  Is  dehydrated  and  filtered  In  a rotary 
pressure  precoat  filter.  The  oil  Is  pressurized  and 
hydrotreated  In  a fixed-bed  catalytic  reactor.  The 
hydrotreater  removes  nitrogen,  sulfur,  and  oxygen  by 
reacting  with  hydrogen  to  produce  ammonia,  hydrogen 
sulfide,  and  water. 

Sulfur  Is  removed  from  the  char  In  a shaft  kiln.  Hydrogen 
added  to  the  kiln  reacts  with  the  char  to  produce  hydrogen 
sulfide.  The  hydrogen  sulfide  Is  then  adsorbed  by  an 
acceptor  such  as  calcined  limestone  or  dolomite.  The 
acceptor,  which  can  be  regenerated.  Is  separated  from  the 
char  In  a continuous  fluidized  separator.  The  product 
char  can  be  reacted  In  a gasifier  with  steam  and  oxygen 
to  make  low-Btu  gas. 
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Figure  El.  COED  Process  Flow  Dlagran 


COAL  LIQUEFACTION 
COALCON  PROCESS 


GENERAL 


Sponsor: 
Developer : 


ERDA 

Union  Carbide 


Contractor: 

Principal  Members 

Metals 

Chemicals 


Consortium  of  Companies 
Company 

- Reynolds  Metals  Co. 

Du  Pont 

Union  Carbide  Corp. 


Architectural  and 
Engineering  Services 

Petroleum 


Chemical  Construction 
Corporation 

Ashland  Oil  Co. 

Mobil  Oil  Co. 

Sun  Oil  Co. 

Atlantic  Richfield  Co. 


Coal Youghlogheny  & Ohio 

Coal  Company 

Electric Electric  Power 

Research  Inst. 


Gas-- Consolidated  Gas  Co. 

Heavy  Industry Martin  Marietta 

Contract  Value:  ERDA  - $130  million 


Others  - $107  million 


Status:  2600  tons/day  demonstration 

plant  Is  to  be  located  In  New 
Athens,  Illinois.  Contract 
awarded  to  COALCON  for  the 
phased  design,  construction, 
and  operation.  Scheduled 
operational  date  Is  Fiscal 
Year  1980. 
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CONCEPTUAL  DESIGN 


Coal  Preparation  Operation 

Coai  Type;  Bituminous,  Lignite,  Subbitumlous 

Coal  Analyses  (Pittsburg 
No.  8 Coal ) : 


Proximate'.  % 

U1 timate 

(MAF).  % 

Fixed  Carbon 

54.7 

Carbon 

82. 

Volatiles 

45.3 

Hydrogen 

5. 

Ash 

9.1 

Nitrogen 

1 . 

Moisture 

3.7 

Oxygen 

113. 

Sulfur 

3. 

Heating  Value 

, Btu/lb: 

14,900  ( 

MAF) 

13,200 

As  Received) 

13,600  ( 

Dry) 

Preparation: 

80%  100 

mesh,  1 percent  moisture 

Feed  System: 

dry,  lock 

hopper 

Liquefaction 

Description 

and  Operating 

Conditions ; 

Type  of  process:  Flu1d1zed-b(5d  hydrogenation  (hydro- 

carbonization) 

No  other  Information  Is  currently  available  on  this  process 
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Process  Description 


The  COALCON  process  shown  In  Pigure  E2  Is  based  on  a 
dry,  fluid-bed  hydrogenation  technique  known  as  hydrocarboni- 
zation. The  feed  coal  Is  crushed,  sized  to  80%  through  100 
mesh,  and  dried  to  about  IX  moisture.  Prepared  coal  Is  then 
fed  to  the  hydrocarbonization  reactor  through  a lock  hopper 
system  where  coal  Is  heated  to  1000®F  In  the  presence  of  hydrogen 
at  approximately  500  psi.  Proper  distribution  of  hydrogen 
to  the  reactor  gives  better  fluidization  and  hence  higher 
coal  reactivity. 

The  hydrocarbon  vapor  product  leaves  the  reactor 
through  a cyclone  separator.  The  vapor  Is  then  cooled  and 
scrubbed  of  final  dusti  the  heavier  hydrocarbons  condense 
to  form  the  liquid  hydrocarbon  products.  The  condensed 
product  Is  further  fractionated  to  separate  lighter  and 
heavier  hydrocarbons.  The  uncondensed  gaseous  products  are 
separated  and  treated  to  produce  a hIgh-Btu  pipeline  quality 
gas.  The  essential  steps  Include  acid  gas  removal,  hydrogen 
purification,  and  methanatlon. 

The  char  from  the  hydrocarbonization  reactor  Is  removed 
through  a lock  hopper  system,  cooled,  and  ground  to  the 
required  size  for  use  In  gasifiers.  Hydrogen  produced  In 
the  gasifier  1$  used  In  the  process. 


1 

! 
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Figure  E2.  Coalcon  Hydrocarbonization  Process 


COAL  LIQUEFACTION 
FISCHER-TROPSCH  PROCESS 


BACKGROUND 

Developer: 

Status: 

Compatible 


M.  W.  Kellogg  Co.  and  Arge- 
Arbelt  Germelnschaft  Lurgi 
and  Ruhrchemie 

The  Sasol  plant  (6,600  tons  of 
coal/day  to  the  gasifier)  has 
been  In  operation  In  South 
Africa  since  1957. 

Coal  Type:  Depends  upon  gasifier  type 


CONCEPTUAL  DESIGN 


No  data  available 


Process  Description 

The  schematic  for  a Fischer-Tropsch  based  process  Is  shown 
In  Figure  E3.  This  process  basically  converts  carbon 
monoxide  and  hydrogen  to  liquid  hydrocarbons.  The  two 
chemical  equations  which  generalize  the  formation  of 
hydrocarbons  are: 

nCO  + ZnHg  - * "”2° 

2nC0  + nHg  " + nC02 


Noncaking  coal  Is  crushed  to  3/8  to  1-1/2  In.,  dried  and 
reacted  with  oxygen  and  steam  In  a Lurgi  gasifier  at  350-450 
psi,  generating  a gas  composed  mostly  of  carbon  monoxide  and 
hydrogen.  Gas  Is  quenched  to  remove  tar  and  oil.  Then,  CO2 
and  H2S  are  removed  to  produce  synthesis  gas. 

A part  of  the  synthesis  gas  Is  passed  through  a fixed 
catalyst  bed  contained  In  vertical  tubes  (Arge  Synthesis). 
Released  heat  Is  absorbed  by  boiling  water  outside  the 
tubes.  Feed  gas  has  an  H2/CO  ratio  of  about  2.  Operating 
conditions  are  430‘’-490°  and  360  psig.  Recycle  gas  to 
fresh-feed  ratio  Is  about  2.4:1.  The  products  of  the  fixed 
bed  synthesis  are  straight-chain,  high-boiling  hydrocarbons, 
with  some  medium-boiling  oils,  diesel  oil,  LP-gas,  and 
oxygenated  compounds. 

The  portion  of  the  synthesis  gas  which  did  not  go  to  the 
Arge  synthesis  goes  to  a fluid-bed  reactor  (Kellogg  synthesis). 
A portion  of  the  tall  gas  from  the  Kellogg  fluid  bed  Is 
reformed  with  steam  to  Increase  the  H2/CO  ratio  to  about  3, 
and  Is  mixed  with  the  fresh  synthesis  gas.  In  the  fluid 
bed  the  catalyst  Is  circulated  along  with  the  synthesis 
gas.  Gas  and  catalyst  leavlno  the  reactor  are  separated 
In  cyclones  and  the  catalyst  is  recycled.  Operating  conditions 
are  600°-625‘’F  and  330  psig.  Recycle  gas  to  fresh  feed 
ratio  Is  2:1.  Products  from  the  fluid-bed  synthesis  are 
mainly  low-boiling  hydrocarbons  (C]-C4)  and  gasoline, 
with  little  medium  and  high-boiling  material.  Substantial 
amounts  of  oxygenated  products  and  aromatics  are  made. 

A portion  of  the  fixed-bed  and  fluid-bed  tall  gas  Is 
removed  and  used  for  utility  gas. 


Figure  E3.  Fischer-  ropsch  Process 


APPENDIX  F 


HYDROGENATION  LIQUEFACTION  PROCESSES 


Descriptions  of  the  major  hydrogenation  processes 
follow. 
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Preparation: 


Coal  Is  dried  to  2.7X  moisture 
and  ground  to  1/8" 

Feed  System:  Conveyor  to  solvent  slurry  tank 

Liquefaction  Reactor  Description  and  Operating  Conditions 

Type:  Non-catalytic  hydrogenation 

Number  of  Reactors:  

Pressure:  1 .000  psig 

Temperature:  840“F 

Cooling  Mechanism:  Not  specified,  cooling  towers  used 


Input  to  Liquefaction  Reactor: 


Coal 

833.300 

Ib/hr 

(2.7X  moisture) 

Steam  (Water) 

110.500 

Ib/hr 

Recycle  Slurry 

1 .666.700 

Ib/hr 

Synthesis  Gas 

740.300 

Ib/hr 

Combustion  Air: 

811.900 

Ib/hr 

Ouput  from  Liquefaction  Reactor: 

Raw  Product  (Includes  Char) 

3.689.700 

873.200 

Ib/hr 

Gas 

Ib/hr 

Hydrotreating: 

Input  to  Hydrotreating: 

Product  011 

405.400 

Ib/hr 

Hydrogen  Makeup 

8.200 

Ib/hr 

Fuel  Gas 

9.500 

Ib/hr 

Combustion  Air 

125.700 

Ib/hr 

Water  or  Steam 

29.600 

Ib/hr 

Output  from  Hydrotreating: 

Liquid  Products  (not  Including 

385.750 

Ib/hr 

10,100  Ib/hr  to 
plant  fuel) 

Sour  Gas 

15.900 

Ib/hr 

Sour  Water 

41 .400 

Ib/hr 

Flue  Gas 

135.156 

Ib/hr 
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COAL  LIQUEFACTION 


SOLVENT  REFINED  COAL  (SRC)  PROCESS 


BACKGROUND 

Sponsor: 

Developer: 

Contractor: 

Contract  Value: 
Status: 

Compatible  Coal  Type: 


1.  ERDA 

2.  EPRI.  Southern  Services, 

Inc.  ERDA 

Pittsburgh  and  Midway  Coal 
Mining  Company  (PAHCO) 

1.  PAMCO 

2.  Catalytic,  Inc. 

1.  $42  million 

2.  Not  specified 

2 Pilot  Plants  In  Operation 

1.  Tacoma,  Washington  • 50  tons/dey 

2.  Wllsonville,  Alabama  • 6 tons/day 

Bituminous,  Brown  Coal 


CONCEPTUAL  DESIGN  Plant  produces  approximately 

16,667  barrels/day  of  0.5X 
sulfur  oil  and  8,333  barrels/day 
of  0.2*  sul fur  o1 1 . 

Coal  Preparation  Operation 

Coal  Type:  Bituminous,  Illinois  16 

Coal  Analyses: 


Proximate  Analysis  * Ultimate  Analysis  (MAP)  * 


Fixed  Carbon  35.58 

Carbon 

78.46 

Volatiles  47.82 

Hydrogen 

5.20 

Ash  6.59 

Nitrogen 

1.19 

Moisture  10.00 

Sulfur 

Oxygen 

3.75 

11.40 

Heating  Value,  Btu/lb: 

11320  1 

[MAF) 

10570  1 

As  Received) 

12280  1 

[2.7*  Moisture) 
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Hydrogen  Production 

Type  of  Process:  CO  Shift 


Input  to  Hydrogen  Production: 

Char,  Ash.  and  Heavy  Liquid 

255,100 

Ib/hr 

Gasifier  Steam 

77,500 

Ib/hr 

Oxygen 

163,700 

Ib/hr 

Other  Steam  and  Water 

563,600 

Ib/hr 

Fuel  Gas 

7,100 

Ib/hr 

A1  r 

93,800 

Ib/hr 

Output  from  Hydrogen  Production: 

Hydrogen 

8,200 

Ib/hr 

Synthesis  Gas 

303,200 

Ib/hr 

Ash  (contains  59,400  Ib/hr 

108,300 

Ib/hr 

of  slag) 

Acid  Gas 

111,600 

Ib/hr 

Steam 

331 .500 

Ib/hr 

Flue  Gas/COo 

168,300 

Ib/hr 

Water  *■ 

129,700 

Ib/hr 

Overall  Products  from  SRC  Process 

Heavy  Liquid 

Amount 

242,900 

Ib/hr 

Sulfur  Content 

0.59X 

Gravity 

-9.7'’API 

Heating  Value 

16,660 

Btu/11 

Hydrotreated  Liquid 

Amount 

120,200 

Ib/hr 

Sulfur  Content 

0.2* 

Bolling  Range 

400-870" 

F 

Gravity 

13.9"API 

Heating  Value 

18,330 

Btu/11 

Light  Oils 

Amount 

22,700 

Ib/hr 

Sulfur 

1 

ppm 

Bolling  Range 

04-400' 

F 

Gravity 

52“API 

Nitrogen 

26,400 

Ib/hr 

Sulfur 

26,400 

Ib/hr 
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other  Information 

Net  Process  Water  Consumption: 

Type  of  Acid  Gas  Removed: 

Type  of  Sulfur  Recovery: 
Thermal  Efficiency: 


Primary  - mono-ethanol 
amine/caustic 
Secondary  - hot  carbonate 

Claus 

60.3-70X 
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Process  Description 


The  Solvent  Refined  Coal  (SRC)  process  (see  Figure  FI)  converts 
high-sulfur,  high-ash  coal  to  ashless,  low-sulfur  liquid  fuel. 
Pulverized  coal  Is  mixed  with  a coal-based  solvent  In  a 
slurry  tank.  Hydrogen,  produced  elsewhere  In  the  process. 

Is  combined  with  the  slurry.  The  mixture  Is  then  pumped 
through  a preheater  and  Into  a dissolver  where  about 
90  percent  of  the  dry,  ash-free  coal  Is  dissolved. 
Simultaneously  the  coal  Is  depolymerl zed  and  hydrogenated. 

The  solvent  Is  hydrocracked , forming  lower  molecular  weight 
hydrocarbons  such  as  light  oil  and  methane.  The  sulfur 
Is  removed  as  hydrogen  sulfide. 

After  leaving  the  dissolver,  the  gases  are  separated  from 
the  slurry  of  undlssolved  solids  and  coal  oil  solution. 

Raw  gas  goes  to  a hydrogen  recovery  and  gas  desulfurization 
unit.  The  recovered  hydrogen  Is  recycled  with  the  fresh 
coal  feed  slurry.  Hydrocarbon  gases  are  released  and  the 
hydrogen  sulfide  Is  converted  to  elemental  sulfur. 

Solids  filtered  from  the  slurry  (containing  unreacted 
carbon)  are  sent  to  a gasifier-converter  where  they 
are  combined  with  additional  coal,  oxygen,  and  steam,  and 
thereby  converted  to  hydrogen  for  use  In  the  process.  The 
refined-coal  Is  separated  from  the  solvent  In  the  solvent 
recovery  unit.  This  refined  coal  has  a solidification 
point  of  350‘’F-400‘’F. 
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Figure  FI.  SRC  Process  Flow  Diagram 


COAL  LIQUEFACTION 


H-COAL  PROCESS 


BACKGROUND 

Sponsors:  ERDA.  State  of  Kentucky. 

Electric  Power  Research 
Institute,  and  Several  Oil 
Companies 

Developer:  Hydrocarbon  Research.  Inc. 


Contractor:  Hydrocarbon  Research.  Inc. 

Contract  Value:  ER0A-$8.1  million 

0thers-$2.7  million 


Status: 


Compatible  Coal 
Types: 


A 3 ton/day  bench  plant  Is  In 
operation  at  Trenton.  New  Jersey 
and  a 600  ton/day  plant  Is  being 
designed  for  construction  at 
Catlettsburg.  Kentucky 


Lignite.  Subbitumlous . Bituminous 


CONCEPTUAL  DESIGN  Plant  produces  91.240  barrels  of 

crude  oil  per  day 


Coal  Preparation  Operation 

Coal  Type:  Bituminous.  Illinois.  #6 

Coal  Analyses: 


Proximate.  % Ultimate  (HAF ) , wt  X 


Fixed  Carbon  37.8 

Carbon 

78.5 

Volatiles 

43.3 

Hydrogen 

6.0 

Ash 

8.9 

Nitrogen 

1.1 

Moisture 

10.0 

Sulfur 

5.5 

Oxygen 

8.9 

Heating  Value. 

Btu/lb: 

11560  (MAF) 

10530  (As  Received) 

Preparation: 

Coal  Is  dried  until 

essen- 

tially  all  moisture  Is 
removed  and  then  crushed 
to  less  than  40  mesh 


Feed  System: 


Coal  Is  mixed  with  recycle 
oil  to  form  a slurry 
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Liquifactlon  Rttctor  Dtscrlptloni  and  Qpertting  Conditions 

Type:  Catalytic  hydrogenation,  ebullating 

bod 

Number  of  Reactors:  


Dimensions:  

Reactor  Temperature:  8S0**F 

Reactor  Pressure:  2000  psig 

Cooling  Mechanism:  Non-contact  cooling  water  with 

cooling  tower 

Input  to  Liquefaction  Reactor: 

Coal  2,083,300  Ib/hr  (dry) 

Recycle  Slurry  4,166,700  Ib/hr 

Gas  65,800  Ib/hr 


Output  from  Liquefaction  Reactor: 

Raw  Product  

Gas  

Hydrotreating  Process*  The  H-Coal  process  does  not 

require  hydrotreating 

Hydrogen  Production 

Type  of  Process:  Steam-carbon  reaction  (gasification) 

Input  to  Hydrogen  Production: 


Heavy  Bottoms  and  Coal 
Gasifier  Steam  (from  waste  heat 
boiler) 

Oxygen 

Other  Steam  and  Water 


653,300  Ib/hr 

177,800  Ib/hr 
414,000  Ib/hr 
1.528,300  Ib/hr 


Output  from  Hydrogen  Production: 

HyH  'bgen 

Ash 

Steam 

Flue  Gas/C02 

Water 
Acid  Gas 


92,000  Ib/hr 
222.300  Ib/hr 
1,104,800  Ib/hr 
(Includes  19,800 
ib/hr  of  HpO  vapor) 
554,800  Tb/hr 
291,500  Ib/hr 
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Overall  Products  from  H-Coal  Process 


Synthetic  Crude 
By-Product  Fuel  Gas 
High-Btu  Char 
Sulfur 
Ammonia 


1,201,300  Ib/hr 
100,800  Ib/hr 
0 

107,900  Ib/hr 
17,100  Ib/hr 


Analysis  of  Synthetic  Crude: 


Gravity 

Hydrogen, 

Sul  fur 
Nitrogen 
Heating  Value 


25.2“API 

9.48X 

0.19X 

0.68X 

18,290  Btu/lb 


Analysis  of  By-Product  Fuel  Gas: 


Hydrogen  Content  (volume  %) 
Heating  Value 


56 

24,000  Btu/lb 
(900  Btu/scf) 


Other  Information 
Type  of  Acid  Gas  Removal: 

Type  of  Sulfur  Recovery: 
Thermal  Efficiency: 


Primary  - alkanolamlne 
Secondary  - hot  carbonate 

Claus 

67. 7-77. OX 
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Process  Description 


The  H-coal  process  (see  Figure  F2)  is  a catalytic  hydro- 
genation process  that  produces  low-sulfur  boiler  fuels 
and  syncrude  from  high-sulfur  coal. 

The  coal  is  dried  and  crushed,  mixed  with  recycle 
oil,  and  pumped  to  a pressure  of  2,000  psig.  Compressed 
hydrogen  is  added  to  the  slurry.  The  mixture  Is  preheated 
and  charged  continuously  into  an  ebul lating-bed  catalytic 
reactor.  The  upward  passage  of  the  internally  recycled 
reaction  mix  keeps  the  catalyst  in  a fluidized  state.  The 
temperature  of  the  reactor  Is  regulated  by  adjustment  of 
the  quantities  of  reactants  entering  the  preheater. 

The  heavier  components  of  the  vapor  leaving  the  top  of  the 
reactor  are  collected  by  cooling  the  gas.  The  hydrogen- 
rich  gas  that  remains  following  adsorption  of  ammonia  is 
pressurized  and  mixed  with  the  input  coal  slurry.  The 
liquid-solid  product  (unconverted  coal,  oil,  and  ash)  is  fed 
to  a flash  separator.  An  atmospheric  distillation  unit 
treats  the  material  that  bolls  off.  The  remaining  bottoms 
product  (heavy  oil  and  solids)  is  further  separated  with 
a hydroclone  (liquid-solid  separator)  and  a vacuum  still. 

The  gas  and  liquid  products  (hydrocarbon  gas,  hydrogen 
sulfide,  ammonia,  light  distillate,  heavy  distillate,  and 
residual  fuel)  may  be  further  refined  as  desired. 

The  type  of  fuel  produced  in  the  H-coal  process  can  be 
regulated  by  altering  the  operating  conditions.  For  syncrude 
oil  production,  additional  hydrogen  is  used,  reducing  the 
yield  of  residual  oil.  The  solid-liquid  separation  can  be 
accomplished  by  vacuum  distillation,  thus  eliminating  the 
liquid-solids  separation  phase  unit.  A clean  fuel  gas  and 
low-sulfur  residual  fuel  can  be  obtained  by  lowering  the 
temperature  and  pressure  in  the  catalytic  reactor  and 
limiting  hydrogen  consumption. 
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COAL  LIQUEFACTION 


EXXON  DONOR  SOLVENT  PROCESS 


BACKGROUND 


Sponsor: 

Developer: 

Contractor: 
Contract  Value: 
Status : 


Compatible  Coal 
Type: 


ERDA 

Exxon  Research  & Engineering 
Company 

Exxon 

Not  Specified 

One  ton/day  pilot  plant  In 
operation  In  Baytown.  Texas. 

Planning  for  a 250  ton/day, 
50.000  bbl/day  pilot  plant 
has  begun. 


Lignite,  Subbitumlnous,  Bituminous 


CONCEPTUAL  DESIGN; 


50.000  bbis/day  of  low-sulfur 
fuel  oil 


Coal  Preparation  and  Storage; 

Coal  Type:  Illinois  #6,  Bituminous 

Coal  Analyses  (as  received): 


Proximate,  wt  % 

Ultimate 

. wt  % 

Moisture 

16.0 

Carbon 

58.17 

Ash 

8.0 

Hydrogen 

4.22 

Volatile  Matter 

35.0 

Nitrogen 

1.54 

Fixed  Carbon 

41 .0 

Chlorine 

0.18 

Sulfur 

3.50 

Sulfur 

3.50 

Alkalies,  Na20 

0.15 

Oxygen 

Ash 

Moisture 

7.89 

8.00 

16.50 

Heating  Value,  Btu/lb: 

10700  (MAF) 

9840  (As  Received 

Pretreatment: 

Coal  Is 
8 mesh 

dried  and 

ground  t( 

Feed  System: 

Tubular 

pneumatic 

conveyor 

Liquefaction  Reactor  Description  and  Oper>ting  Conditions 


Type  of  Process: 

Temperature: 

Pressure: 

Input: 

Hydrotreating  Process: 
Hydrogen  Production: 
Overall  Output: 


Stirred  tank,  tubular  plug 
flow,  tubular  with  external 
and  Internal  recirculation, 
ebullating  catalytic  bed. 

370-480*C 

300  psig  to  2500  psig 

1.340.000  - 1.540.000  Ib/hr 

No  Information  available 

No  Information  available 

Total  of  50.000  barrels/day 
of  Naphtha  and  Fuel  Oil 


Analysis,  wt  % 


Heavy  Naphtha 

200*0 

* Fuel  Oil 

Raw 

Liquid 

Hydrotreated 

Liquid 

Raw 

Liquid 

Hydrotreated 

Liquid 

Carbon  85.60 

86.80 

89.40 

90.80 

Hydrogen  10.90 

12.90 

7.70 

8.60 

Oxygen  2.82 

0.23 

1.83 

0.32 

Nitrogen  0.21 

0.06 

0.66 

0.24 

Sulfur  0.47 

0.005 

0.41 

0.04 

Heating 

Value.  18,307 

Btu/lb 

19,295 

17,103 

18,091 

Other  Information 


Type  of  Acid  Gas  Removal:  Monoethenolami ne  (HEA) 

Turndown  Flexibility:  50* 
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Process  Descriptloh 

The  Exxon  Donor  Solvent  Process  (see  F1gure„F3)  converts  high- 
sulfur,  high-ash  coal  Into  naphtha  and  low-sulfur,  low-ash  fuel 
oil.  The  coal  feed  Is  dried,  ground,  and  screened.  The  coal  and 
recycled  solvent  are  mixed  In  a slurry  preparation  vessel. 

The  slurry  Is  then  fed  through  a preheater  Into  a lique- 
faction reactor.  The  hydrogen  treating  gas  Is  preheated 
either  separately  or  In  a mixture  with  the  slurry.  The 
products  are  gas,  raw  coal  liquids,  and  a heavy  bottoms 
stream  composed  of  unreacted  coal  and  mineral  matter.  Dis- 
tillation separates  the  liquids,  and  the  spent  solvent 
Is  catalytical ly  hydrogenated  for  recycle.  Heavy  bottoms 
from  the  distillation  are  processed  to  yield  other  liquids 
and  hydrogen  or  fuel  gas.  Gases  generated  during  liquefaction 
are  used  as  fuel  and  for  hydrogen  manufacture. 


COAL  LIQUEFACTION 
SYNTHOIL  PROCESS 


BACKGROUND 

Sponsor:  ERDA 

Developer:  Pittsburgh  Energy  Research. 

Center  of  ERDA 


Contractor:  Foster  Wheeler  Energy  Corp. 

Contract  Value:  ERDA  - $6.9  Million 

Foster  Whee1er-$1.1  Million 


Status:  A 10  ton/day  pilot  plant  Is 

In  operation  at  Pittsburgh 
Energy  Research  Center, 

Bruceton,  Pennsylvania.  A 
7,000  ton/day  plant  Is  under 
preliminary  design 

Compatible  Coal  Lignite,  Subbitumlnous,  Bituminous 

Type: 


CONCEPTUAL  DESIGN  Plant  converts  Wydoak  coal  to 

50,000  barrels/day  of  oil 


Coal  Preparation  Operation 


Coal  Type: 


Subbitumlnous,  Wyodak 


Coal  Analysis: 


Ultimate,  WT,  % 


Heating  Value, 


Moisture 

29.0 

Ash 

6.6 

Carbon 

47.0 

Hydrogen 

3.5 

Nitrogen 

0.5 

Sulfur 

0.7 

Oxygen 

12.7 

Btu/lb: 

8050  (MAF) 

7420  (As  Received) 
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Preparation: 


Coal  Is  dried  to  0.5  percent 
water  and  ground  to  65  percent 
less  than  200  mesh 

Feed  System:  Screw  fed 

Liquefaction  Reactor  Description  and  Operating  Conditions 


Type: 

Number: 

Dimensions: 

Temperature: 

Pressure: 


Catalytic  Hydrogenation.  Turbulent  Bed 
7 

2900  cu  ft.  6.67'  ID  x 83“ 

860"F 
4200  psig 


Cooling  Mechanism:  Countercurrent  heat  exchange 

Input  to  Liquefaction  Reactor  (Including  hydrogen 
production) 


Coal 

Steam 

on 

Residue 

Oxygen 

Char 


Ib/hr 

1.704.800 

147.000 
1.594.200 

16.000 

302.960 

178.000 


Output  from  Liquefaction  Reactor 
No  Information  available 


Hydrogen  Production 

Type  of  Process:  Fluidized  gasification 


Input  to  Hydrogen  Production: 

Char  (recycled) 

89.0  tons/hr 

Coal 

184.2  tons/hr 

Oxygen 

151.48  tons/hr 

Steam  (450  psig 

and  OOO^F) 

148.000  pounds/hr 

Output  from  Hydrogen  Production: 


Minion  SCFH 

H?  12.51 
CO  0.22 
CO2  0-01 


Overall  Products  from  Svntholl  Process 


Ammonium  sulfate 
Sulfuric  acid 
Heavy  Fuel  Oil 
Fuel  Gas 
Ash 


15.240  Ibs/day 
11.333  Ibs/day 
50.000  barrels/day 
840.800  SCFH 
10.583  Ibs/hr 


Analysis  of  heavy  fuel  oil 

Sulfur  content  0.7% 

Heating  value  18.300  Btu/lb 

Other  Information 

Raw  water  usage:  20.4  MGD 

Type  of  acid  gas  removal:  Primary  secondary  liot 

carbonate 

Thermal  Efficiency:  


232 


Process  Descriptloi 


In  the  Syntholl  process  (see  Figure  F4),  a catalytic  hydro- 
genation process,  high-sulfur  coal  is  converted  to  low-ash,  low 
sulfur  fuel  oil.  The  coal  is  crushed,  ground,  and  dried.  Re- 
cycled product  oil  Is  then  combined  with  the  coal,  forming  a 
slurry.  The  slurry  is  mixed  with  recycle  hydrogen, 
preheated,  and  transported  to  the  fixed-bed  catalytic 
reactor.  The  hydrogen  propels  the  slurry  through  the 
reactor  so  violently  that  plugging  by  the  coal  mineral 
matter  is  prevented.  The  turbulence  of  the  slurry  promotes 
mass  and  heat  transfer,  encouraging  hydrodesulfurization  and 
liquefaction.  The  catalyst  consists  of  cobalt  molybdate 
on  silica-promoted  alumina.  The  resulting  mixture  is 
cooled  and  the  liquid  and  unreacted  solids  are  separated 
from  the  gases. 

The  liquids  and  residue  are  then  centrifuged.  A portion  of 
the  liquid  is  recycled  and  combined  with  the  feed  coal. 

The  remainder,  the  product  oil,  is  low  in  sulfur.  The 
char  is  pyrolyzed,  yielding  additional  product  oil  and  ash. 

The  ash,  containing  some  carbonaceous  material,  is  sent  to 
the  gasifier  and  the  resulting  gas  is  sent  to  the  shift 
converter. 

The  gases  leaving  the  separator  are  purified  and  combined 
with  the  ash,  water,  and  oxygen,  yielding  a hydrogen  product. 

In  the  gas  purification  system,  ammonia,  water,  hydrocarbon 
gases , and  hydrogen  sulfide  are  removed.  The  sulfide  is 
then  converted  to  elemental  sulfur. 
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Figure  F4.  SYNTHOIL  Process  Flow  Diagram 


BACKGROUND 

Sponsor: 

Developer: 

Status: 

Compatible  Coal 


CONCEPTUAL  DESIGN 


COAL  LIOufFACTlON 
COSTEAM  PROCESS 


ERDA 

Pittsburgh  Energy  Research  Center 

10  tons/day,  Hgnlte-fed  pilot 
plant  demonstration  unit  under 
design.  Unit  to  be  located 
at  Grand  Forks.  North  Dakota. 

Type:  Lignite 


No  Data  Available 
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Process  Description 


The  schematic  of  the  COSTEAM  process  is  shown  in  Figure  F5. 

It  differs  from  other  coal  to  oil  processes  which  use  hydrogen 
directly  under  conditions  of  high  temperature  and  pressure 
In  the  presence  of  a catalyst.  The  COSTEAM  process  uses 
synthesU  gas  (or  carbon  monoxide)  and  steam,  and  does  not 
require  a catalyst. 

A slurry  consisting  of  30-50  weight-percent  of  air-dried, 
pulverized  coal  In  lignite-derived  oil  Is  pumped  with 
synthesis  gas  or  carbon  monoxide  Into  a stirred  reactor  at 
4,000  psig  and  800°F.  Water  required  for  the  reaction  Is 
obtained  from  the  coal.  The  effluent  stream  goes  through  a 
gas-liquid  separation  where  the  raw  oil  Is  separated  from 
the  product  gas.  Then  a centrifuge  or  filter  Is  used  to 
remove  any  unreacted  coal  and  ash  from  the  oil.  The 
resulting  low-sulfur,  low-ash  oil  can  be  used  for  steam 
generation  In  conventional  power  plants. 


Figure  F5.  Costeam  Process 


APPENDIX  G 


EXAMPLES  OF  BOILER  CONVERSION 

Following  are  two  examples  of  conversion  of  boilers 
originally  designed  to  fire  oil  or  gas  to  conventional  coal- 
fired  units.  This  discussion  was  excerpted  from  Power  Magazine 
July  1976.  A list  of  required  equipment  modifications  and 
additions  Is  Included.  A rough  estimate  of  costs  for  modifi- 
cations would  be  $3/1b  of  steam  generated  for  oil-  and  gas- 
fired  boilers  when  utilizing  new,  factory-assembled  equipment 
or  $6/lb  for  erection  of  modifications  In  the  field.® 

The  first  example  compares  a bottom-supported  oll/gas- 
flred  unit  rated  300,000  Ib/hr  to  the  same  unit  modified  for 
spreader-stoker  firing.  The  capacity  on  coal,  as  limited  by 
furnace  size  and  grate  area,  would  be  about  200,000  Ib/hr, 
but  the  need  to  limit  velocities  through  the  baffled  boiler 
bank  to  reduce  erosion  to  acceptable  values  lowers  the 
nominal  rated  capacity  to  between  150,000  and  175,000 
Ib/hr,  depending  on  the  coal  selected  and  the  ash  constituents 
produced  during  combustion. 

A conversion  of  this  type  requires  these  steps: 

• Modify  the  furnace  bottom  pressure  parts  to 
accommodate  a spreader-stoker  and  an  overfire  air 
system. 

• Provide  space  for  the  dropped  furnace  bottom, 
an  ash  hopper,  and  an  ash  removal  system. 

• Add  superheater  surface  to  maintain  design 
steam  temperature. 

• Install  additional  sootblowers  and  associated 
piping,  etc.,  to  keep  convection  surfaces  clean. 

a Add  hoppers  for  gas-pass  fly  ash  col  lection  and 
reinjection  to  minimize  carbon  loss. 

• Modify  the  air  heater  to  limit  air  temperature 

to  the  grate,  and  Install  an  economizer  to  regain 
the  heat-recovery  capability  lost  In  modifying 
the  air  heater. 

a Install  a dust  collector  ahead  of  the  regenerative 
air  heater  to  prevent  air  heater  plugging.  Where 
tubular  air  heaters  are  Installed,  a dust  collector 
Is  not  required. 


IPerry,  R.  H.,  Chemiaal  Engineers  Handbook,  Fifth  Edition, 
(McGraw  Hill,  1973). 
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• Install  new  foundations,  support  steel,  ductwork, 
etc. . as  required. 

• Modify  combustion  and  safety  controls. 

• Add  an  Induced-draft  fan  for  balanced-draft 
operation. 

e Modify  the  furnace  buckstays  and  add  ductwork 

stiffeners  required  for  balanced-draft  operation. 

Such  a conversion  Impacts  heavily  on  plant  operations. 

Field  modifications,  for  example,  take  about  12  months 
(based  on  a 40-hr  week),  while  the  entire  Job,  Including 
engineering  and  equipment  lead  times,  can  run  18-24  months. 
During  the  conversion,  the  boiler  will  be  out  of  service  for 
perhaps  9 months.  A comparable  schedule  for  a new  unit 
would  require  13  months  from  order  to  shipment,  about  12 
months  for  Installation,  and  2-3  months  for  pre-operatlonal 
cleaning,  shakedown,  and  staff  training. 

A top-supported  d1st111ate-o11  and  gas-fired  unit  rated 
400,000  Ib/hr,  converted  to  pul verl zed-coal  firing.  Is  also 
discussed.  The  capacity  obtained  with  pulverized  coal  Is  a 
nominal  265,000  Ib/hr.  The  new  rating  Is  limited  by  furnace 
heat-release  rates  and  by  the  coal  selected.  If  a spreader 
stoker  had  been  selected  for  this  unit,  the  maximum  obtainable 
capacity  would  be  only  200,000  Ib/hr,  because  of  physical 
constraints  on  grate  size. 

To  convert  this  boiler  to  pul verized-coal  firing  It  Is 
necessary  to: 

• Modify  the  furnace-bottom  pressure  parts  to  accommodate 
a hopper  for  furnace-ash  collection  and  removal.  This 
Includes  revamping  downcomers  to  serve  the  ring  header 
replacing  the  original  single  header. 

c Provide  space  for  the  dropped  furnace  bottom,  an 
ash  hopper,  and  an  ash  removal  system. 

e Modify  the  windboxes,  coal  nozzles,  and  Ignition 
equipment. 
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• Add  pulverizers  and  coal  piping. 

a Install  sootblowers  In  the  furnace  walls,  superheater, 
and  bol ler  bank. 

t Modify  the  superheater  to  obtain  the  desired 
spacings. 

a Modify  the  air  heater,  as  required,  to  prevent 

plugging  by  coal  ash.  Add  a primary-flow  air  heater 
if  the  existing  unit  cannot  develop  the  pulverizer 
air  Inlet  temperature  required  because  of  high- 
moisture  coal . 

a Install  new  foundations,  support  steel  ductwork, 
etc. , as  required. 

a Modify  the  combustion  and  safety  controls. 

a Add  an  Induced-draft  fan  to  boost  unit  reliability. 

a Modify  the  furnace  buckstays  and  add  ductwork 

stiffeners  required  for  balanced-draft  operation. 

These  modifications  probably  will  take  upwards  of  24-30 
months  to  complete,  Including  engineering  time.  The  limiting 
item  here  Is  the  pulverizer  equipment,  which  may  require  24 
months  for  delivery.  By  comparison.  It  takes  about  30 
months  to  bring  a new  top-supported  unit  Into  service. 
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